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TRICYCLIC INHIBITORS OF
3-LIPOXYGENASE

RELATED APPLICATIONS

This application claims benefit of U.S. Provisional Appli-

cation No. 60/761,217, entitled “TRICYCLIC INHIBITORS
OF 5-LIPOXYGENASE” filed on Jan. 23, 2006, which 1s

herein incorporated by reference.

FIELD OF THE INVENTION

Described herein are compounds, methods of making such
compounds, pharmaceutical compositions and medicaments
that include such compounds, and methods of using such
compounds to treat or prevent diseases or conditions associ-
ated with 3-lipoxygenase activity.

BACKGROUND OF THE INVENTION

The protein 5-lipoxygenase (5-L.O) 1s associated with the
pathway of leukotriene synthesis. Upon presentation of
inflammatory stimuli from the exterior of the cell, calcium 1s
released and binds to phospholipase A, (PLLA2) and 5-lipoxy-
genase. Cell activation results in the translocation of PLA,
and 5-lipoxygenase from the cytoplasm to the endoplasmic
reticulum and/or nuclear membranes, where 1n the presence
of 3-lipoxygenase-activating protein (FLAP), 5-lipoxyge-
nase can then catalyze the two-step oxygenation and dehy-
dration of arachidonic acid, converting it into the intermediate
compound 5-HPETE (5-hydroperoxyeicosatetraenoic acid),
and 1n the presence of FLAP convert the 5-HPETE to Leu-
kotriene A, (LTA,).

Leukotrienes are biological compounds formed from
arachidonic acid in the leukotriene synthesis pathway (Sam-
uelsson et al., Science, 220, 568-575, 1983; Cooper, The Cell,
A Molecular Approach, 2nd Ed. Sinauer Associates, Inc.,
Sunderland (MA), 2000). They are synthesized primarily by
cosinophils, neutrophils, mast cells, basophils, dendritic
cells, macrophages and monocytes. Leukotrienes have been
implicated 1n biological actions including, by way of example
only, smooth muscle contraction, leukocyte activation, cytok-
Ine secretion, mucous secretion, and vascular function.

SUMMARY OF THE INVENTION

Presented herein are methods, compounds, pharmaceutical
compositions, and medicaments for (a) diagnosing, prevent-
ing, or treating allergic and non-allergic inflammation, (b)
controlling signs and symptoms that are associated with
inflammation, and/or (¢) controlling proliferative or meta-
bolic disorders. These disorders may arise from genetic,
1atrogenic, immunological, infectious, metabolic, oncologic,
toxic, and/or traumatic etiology. In one aspect, the methods,
compounds, pharmaceutical compositions, and medicaments
described herein include S-lipoxygenase inhibitors described
herein.

Compounds, pharmaceutically acceptable salts, pharma-
ceutically acceptable N-oxides, pharmaceutically active
metabolites, pharmaceutically acceptable prodrugs, and/or
pharmaceutically acceptable solvates thereof, which antago-
nize or inhibit 5-lipoxygenase and may be used to treat
patients suffering from leukotriene-dependent conditions or
diseases, including, but not limited to, asthma, chronic
obstructive pulmonary disease, pulmonary hypertension,
interstitial lung fibrosis, rhinitis, arthritis, allergy, psoriasis,
inflammatory bowel disease, adult respiratory distress syn-

10

15

20

25

30

35

40

45

50

55

60

65

2

drome, myocardial infarction, aneurysm, stroke, cancer,
endotoxic shock, proliferative disorders and inflammatory
conditions, are provided.

Compounds described herein, or pharmaceutically accept-
able salts, pharmaceutically acceptable N-oxides, pharma-
ceutically active metabolites, pharmaceutically acceptable
prodrugs, and pharmaceutically acceptable solvates thereof
may be used to treat leukotriene dependent or leukotriene-
mediated diseases, disorders, or conditions 1n a patient, or
S-lipoxygenase dependent or 5-lipoxygenase-mediated dis-
cases, disorders, or condition 1n a patient.

In one aspect, provided herein are compounds that have a
structure represented by Formula (1I):

Formula (II)

wherein:

G'is Nor CR';

G*is Nor CR*;

each R' is independently H, halide, —CN, —NO.,, —OH,
—OR?, —SR?, —S(=0)R’, —S(=0),R>, —C(=0)
R®, —C(—0)OR’, —CH(R"),, —N(R"),, —NHCH,C
(—=0)OR’>, —C(=0O)NR’),, —NHC(=O)R>, or
—C(OH)(R?),, or an optionally substituted group
selected from among C,-C.alkyl, C,-C.fluoroalkyl,
C,-Cgeycloalkyl, C,-C.alkenyl, C,-C.alkynyl, and
C,-Cqtluoroalkoxy; or

R'is Q'-Q” where Q' is aryl, monocyclic heterocycloalkyl,
monocyclic heteroaryl, bicyclic heteroaryl; and Q° is H,
halide, —CN, —NO,, C,-C.alkyl, C,-C,alkoxy,
—OR?, —SR’, —S(=0)R’, —S(=0),R>, —C(=0)
R®, —C(=0)OR’,—CH(R?),, —N(R?),, or —C(=0)
NR?),;

each R” is independently H, or an optionally substituted
group selected from among C,-C.alkyl, C,-C.alkenyl,
C,-Cgalkynyl, C;-Cgcycloalkyl, phenyl, benzyl, thienyl,
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl;

L'is —(CHR*) X'(CHR™) — wherein,
cach n 1s independently O, 1, 2, or 3;
X' is abond, O, S, S(=—0), S(=0),, or NR”;
each R* is independently H, or an optionally substituted

group  selected from  among  C,-C.alkyl,

C,-Cgeycloalkyl, C,-C fluoroalkyl, C,-C.alkenyl,

C,-C.alkynyl, phenyl, and benzyl; or L*-X*-1.>-X°

wherein,

[* is a bond, or an optionally substituted group
selected from among C,-C, alkyl, C,-C. alkenyl,
C,-Cgalkynyl, aryl, C,-C,heterocycloalkyl, and
C;-Cqeycloalkyl;

X*isabond, O, S, S(=0), S(=0),, NH, C(=0)NH,
or NHC(=0);

> is a bond, C,-C, alkyl, C,-C.cycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and

X® is —OH, —CN, —NO,, halide, —CO,H,
—CO,R'"", —C(=0O)R'’, —CON(R'"),, —NHC
(—=O)R'®, —C(OH)(R'"),, tetrazolyl, —C(—0)
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NHSO,R", —CH(OH)CF,, —COCF;,
—SO,NHC(=O)R", or —N(R'"),, where each
R ' isindependently H, or an optionally substituted
group selected from among C,-C.alkyl,
C,-Cqtluoroalkyl, C,-Cqalkenyl, C,-C.alkynyl,
C;-Cqeycloalkyl, phenyl, and benzyl;

R> is H, or an optionally substituted group selected from
among C,-C.alkyl, C,;-Cqcycloalkyl, C,-Cfluoroalkyl,
C,-Cgqalkenyl, C,-C alkynyl, phenyl, and benzyl; or

R” is [.°-X°-1.7-X° wherein,

[° is an optionally substituted group selected from
among C,-C.alkyl, C,-C,heterocycloalkyl, and
C;-Cqeycloalkyl;

X>isabond, O, S, S(=0), S(=0),, NH, C(=0)NH, or
NHC(=0);

.7 is a bond, C,-C, alkyl, C,-C.cycloalkyl, phenyl,
pyrldyl thlazolyl or thienyl; and

X°® is —OH, —CN, —NO,, halide, —CO,H,
—CO,R'", —C(_O)Rm —C(OH)(R'"),, tetra-
zolyl, —C(:O)NHSO;._RID, —CH(OH)CF;,
—COCF,, —SONHC(=0)R', or —N(R'),,
where each R'° is independently H, or an optionally
substituted group selected from among C,-C alkyl,
C,-Cqfluoroalkyl, C,-Cgalkenyl, C,-C.alkynyl,
C,-Cgqceycloalkyl, phenyl, and benzyl;

[* is an optionally substituted group selected from among
C,-Cgalkyl, aryl, monocyclic heteroaryl, and bicyclic
heteroaryl;

R® and R’ are independently H, or an optionally substituted
group selected from among C,-C;haloalkyl,
C,-Cgalkyl, C;-Cgqceycloalkyl, C,-Cgalkenyl,
C,-Cgalkynyl, phenyl, benzyl, thiazolyl, C,-C.alkoxy,
C,-C thioalkoxy, and C,-C .alkyl-X*, wherein,

X* is —CO.,H, —CO.R'", —C(=O)R"'!, —C(OH)
(R'Y),, C,-C.alkoxy, tetrazolyl, —OH, halide, —CN,
—NO,, —SR", —S(=O)R'', —S(=0),R",
—N([R"M,, —CONR"™),, —NHC(—O)R",
— C(=O)NHSO.R'", —CH(OH)CF,, —COCF,, or
— SO, NHC(—O)R'", where each R'" is indepen-
dently H, or an optionally substituted group selected
from among C,-C.alkyl, C,-Cfluoroalkyl,
C,-Cqalkenyl, C,-C alkynyl, C,-C,cycloalkyl, phe-
nyl, and benzyl;

or R®and R’ can together form an optionally substituted 5-,
6-, or 7-membered non-aromatic monocyclic ring con-
taining 0, 1, or 2 heteroatoms selected from among S and
O;

or R°® and R’ can together form an optionally substituted
bicyclo[3,2,1]ring contamning 1 or 2 heteroatoms
selected from among S and O;

or R® and R’ can together form a carbonyl (C—0); and

R® is H, —OH, —CONH,, tetrazolyl, —CN, —N,,
C,-C.alkyl, C,-C.alkenyl, —CF,, —CO.H, —OR"?,
—CON(R"™),, —CO,—R"*, —SR"*, —S(=0)R'",
S(=0),R"*,—SO,N(R "), C(=O)R"*, C(OH)(R"*),,
—CH=N—O0R"*, —N(R"?),, NHC(=0)R"*, —OC
(—O)R"?, or an optionally substituted group selected
from among C,-C.fuoroalkoxy, C;-Cgcycloalkoxy,
benzyl, and phenyl; where each R'* is independently H,
or an optionally substituted group selected from among
C,-Cgalkyl, C,-Cfluoroalkyl, C,-Calkenyl,
C,-Cgalkynyl, C;-Cqeycloalkyl, C,-Cgcycloalkylalkyl,
phenyl, and benzyl; or

R® and R® can together form an optionally substituted
C,-Cgheterocycloalkyl having 1 or 2 O atoms in the ring;

R” is H, halide, —CN, —NO,, —OH, or an optionally
substituted group selected from among C,-C.alkyl,
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4
C;-Cgeycloalkyl, C,-C.luoroalkyl, C,-C.alkenyl,
C,-Cgqalkynyl, C,-C,alkoxy, phenyl, and benzyl; or
R” is [.3-X’-1.7-X® where,
[.*® is a bond, or an optionally substituted group selected
from C,-C, alkyl, C,-C alkenyl, C,-C alkynyl, aryl,
C,-C, sheterocycloalkyl or C,-Cgqcycloalkyl;
X’ isabond, O, S, S(=0), S(=0),, NH, C(—=O)NH, or
NHC(=0);
[” is a bond, C,-C, alkyl, C,-C, cycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and
X® is H, —OH, —CN, —NO,, halide, —CO,H,
—CO,R", —C(_O)R16 —C(OH)(R'®),,
—C(_O)N(Rlﬁ)z, — NHC(—O)R'®, tetrazolyl,
—C(O)NHSO,R"*®, —CH(OH)CF,, —COCF,,
—SOZNEC(:O)Rl °, or —N(R'®),, where each R*°
1s independently H, or an optionally substituted group
selected from among C,-C.alkyl, C,-Calkenyl,
C,-Cgalkynyl, C;-Cgcycloalkyl, phenyl, benzyl, thie-
nyl, furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl,
thiadiazolyl, imidazolyl, triazolyl, tetrazolyl, pyrido-
nyl, and pyrimidinyl;
or a pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically
acceptable solvate thereof.

For any and all of the embodiments, substituents can be
selected from among from a subset of the listed alternatives.
For example, in some embodiments, R” is H, halide, —CN,
—NO,, —OH, or an optionally substituted group selected
from among C,-C.alkyl, C,-Cfluoroalkyl, and C, -C calkoxy.
In other embodiments, R” is H, halide, —CN, —OH, or an
optionally substituted group selected 1from among
C,-C.alkyl, and C,-C.alkoxy. In yet other embodiments, R’
1s H, halide, or an optionally substituted group selected from
among C,-C.alkyl, and C,-C.alkoxy.

In some embodiments, L' is selected from among
—(CHR?), —, —(CHR*) O—, —(CHR™*), S—, —O(CHR%)
— and —S(CHR™),—:; nis 0, 1, 2, or 3. In other embodi-
ments, each R” is independently H, or an optionally substi-
tuted group selected from among C,-C.alkyl,
C,-Cqcycloalkyl, C,-Cfluoroalkyl; or L*-X*-1.°-X> where,
[*1is a bond, or an optionally substituted group selected from
among C,-C, alkyl, C,-C,, heterocycloalkyl, and C;-Cq
cycloalkyl; X* is a bond, O, S, S(=0), or S(=0),; L’ is a
bond, C,-C, alkyl, C,-Cscycloalkyl, phenyl, pyridyl, thiaz-
olyl, or thienyl, and X° is OH, CN, NO,, halide, CO,H,
CO,R', C(=0O)R", COH)R'"),, tetrazolyl, C(=0)
NiSO Rl':' CH(OH)CF,, COCF,, SO.NHC(—O)R', or
N(Rm) ., where each R'" is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C;-Cqeycloalkyl, phenyl, and benzyl. In some other embodi-
ments, each R* is independently H, or an optionally substi-
tuted group selected from among C,-C.alkyl, and
C,-C.Hluoroalkyl; and n 1s 0, 1, or 2. In yet other embodi-
ments, n1s 0 or 1.

In some embodiments, each R is independently H, halide,
—CN, —NO,, —OH, —OR’, —SR’, —S(=0)R°,
—S(=0),R°, —C(=0)R°, —C(=0)OR”>, —CH(R").,
—N(R?),, —NHCH,C(=0)OR?, —C(=0)N(R?),,
— NHC(=—0O)R’, or —C(OH)(R3 )5, or an optionally substi-
tuted group selected from among C,-C.alkyl,
C,-Cqtluoroalkyl, C;-Cqceycloalkyl, CZ-CGalkenyl,,
C,-C.alkynyl, and C,-Cfluoroalkoxy; or R" is Q"-Q* where
Q! is aryl, monocyclic heterocycloalkyl, monocyclic het-
eroaryl; and Q° is H, halide, —CN, —NO,,, C,-C_alkyl,
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C,-C.alkoxy, —OR>, —SR’®, —S(—=0)R’, —S(—0),R°,
—C(=0)R>, —C(=0)OR?, —CH(R?),, —N(R?),, or
—C(=0)NR?),.

In other embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-C.alkyl, C;-Cgcycloalkyl, C,-Calkenyl,
C,-Cgalkynyl, thiazolyl, C,-C.alkoxy, C,-C . thioalkoxy, and
C,-C.alkyl-X*, wherein, X* is —CO,H, —CO,R",
C,-C.alkoxy, tetrazolyl, —OH, —CON(R""),, where each
R is independently H, or an optionally substituted group
selected from among C,-C.alkyl, and C,-Cfluoroalkyl; or

R® and R’ can together form an optionally substituted 5-, 6-,
or 7-membered monocyclic ring contaiming 0, 1, or 2 heteroa-
toms selected from among S and O; or R® and R’ can together
form a carbonyl (C=0).

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cshaloalkyl, C,-Cgqalkyl, C;-Cqcycloalkyl, and
C,-C.alkyl-X*, wherein, X* is —CO,H, —CO,R"', or
—CON(R™),, where each R'" is independently H, or an
optionally substituted C,-C alkyl; or R® and R’ can together
form an optionally substituted 3-, 6-, or 7-membered mono-
cyclic ring containing O, 1, or 2 heteroatoms selected from S
and O; or R° and R’ can together form a carbonyl (C=0).

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cshaloalkyl, C,-Cgqalkyl, C;-Cqcycloalkyl, and
C,-C.alkyl-X®*, wherein, X* is —CO.H, —CO,R"', or
—CON(R"™),, where each R'' is independently H, or an
optionally substituted C,-C.alkyl; or R® and R’ can together
form an optionally substituted 6-membered monocyclic ring
containing 1 O atom; or R® and R’ can together form a car-
bonyl (C=0).

In some embodiments, R® is H, —OH, —CONH.,, tetra-
zolyl, —CN, C,-C.alkyl, C,-Calkenyl, —CF,;, —CO,H,
—OR", —CON(R"),, —CO,—R"'*, —SR"*, —S(=0)
R, S(=0),R"*, —SO,N(R"?),, C(=0)R"*, C(OH)(R"?).,
—CH=N—O0OR"*, —OC(=0)R"?, or an optionally substi-
tuted group selected from among C,-Cfluoroalkoxy,
C,-C.cycloalkoxy, benzyl, and phenyl; where each R'* is
independently H, or an optionally substituted group selected
from among C,-C.alkyl, C,-C fluoroalkyl, C;-C.cycloalkyl,
C,-Cqcycloalkylalkyl, phenyl, and benzyl.

In some embodiments, provided herein are compounds that
have a structure selected from among;:

Formula (Ila)

Formula (1Ib)
R R’
RS H“‘
N
R? %7 L2 N /
RS \Ll{ ‘
-~ /
X N R
RQ'
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-continued
R]
_—N
\N
Li Vs /N V.
Ll—l\ ‘
R?V / Rl? and
Rl
R]
_——N
\
Lz\ F N/
Ll_
. L
¥ N RL

Formula (Ilc)

Formula (11d)

In some embodiments, compounds provided herein have a
structure selected from among:

Formula (I1la)

Formula (1Ib)

In other embodiments, compounds provided herein have a
structure of Formula (11a):

Formula (1la)

In other embodiments, compounds provided herein have a
structure of Formula (IIb):

Formula (1Ib)
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In some embodiments, compounds provided herein have a
structure selected from among:

Formula (Ilc)

R]
Formula (1Id)
Rl
R >(.-—-N\
RS \Ll_/\‘
I%/%/ N

In other embodiments, compounds provided herein have a
structure of Formula (IIc):

Formula (Ilc)

Rﬁ
RT%*LE\ AN N
RS Ll_l\ ‘
?‘\“/ A R!
R 1y

In other embodiments, compounds provided herein have a
structure of Formula (11d):

Formula (1Id)
Rl
R6 %—N\
R? > L2 N /N
\ ~
g L
= S
/S N R!.

In some embodiments, L is an optionally substituted
group selected from among C,-Calkyl, phenyl, and a 5- or
6-membered monocyclic heteroaryl. In some other embodi-
ments, L is an optionally substituted group selected from
among C,-C.alkyl, phenyl, thienyl, thiazolyl, oxazolyl, fura-
nyl, pyrrolyl, imidazolyl, and pyridyl.

In some embodiments, L* is selected from among

C,-C.alkyl,
R13
14
v ‘)\
HEILLL/\ Gg";?

where, G®is Nor CH; G” is N or CH; and G'° isNR*, O or S;
R is independently H, —C(—O)R>, C(—=0)OR>, —CH

10

15

20

25

30

35

40

45

50

55

60

65

8
(R*),, —C(=0O)N(R"),, or an optionally substituted group
selected from C,-Cgalkyl, C,-Cgfluoroalkyl,
C;-Cqeycloalkyl, C,-C.alkenyl, C,-C.alkynyl, aryl, mono-
cyclic heterocycloalkyl, monocyclic heteroaryl, and bicyclic
heteroaryl; each R is independently H, or an optionally sub-
stituted group selected 1from among C,-C.alkyl,
C,-Cgalkenyl, C,-C.alkynyl, C;-Cqcycloalkyl, phenyl, ben-
zyl, thienyl, furanyl, thiazolyl, pyrnidyl, oxazolyl, oxadiazolyl,
thiadiazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl; R'? is H, C,-C.alkyl, C;-C.cycloalkyl, aryl, het-
eroaryl, C,-C,  heterocycloalkyl, —OH, C,-C alkoxy, ary-
loxy, R'""—S—, R""—S(=—=0)—, R'""—S(=0),—, —CN,
halide, R”C(_O)— R"C(—=0)0—, R''NHC(=0)—.
—R”—C(_O)NH— R"S(=0),NH—, R'"—NHS
(=0),—, R'""—OC(=0)NH—, R'"—NHC(=0)0—,
—NO,, C,-C.haloalkyl, and —N(R"'").; R'’ is indepen-

dently selected from among H, C,-C alkyl C,-Cqeycloa

aryl, heteroaryl, and C,-C heterealkyl R' is H C,-Cqa
C,-Cqeycloalkyl, aryl, heteroaryl, C, theterecyelea

ky
kyl

ky

-3

3

-3

—OH C,-C.alkoxy, aryloxy, R'’ S , RY—S(=0)—,
R”—S(:O)2 , —CN, halide, R”C(_O)— RYC(=0)

O—, RN

1C(=0)—, R C(—=O)N

1, RYS(=0),

N

1— R'—N

1S(—0),—, R'7—OC(=—0O)NH—, R'7—

NHC(=0)0O—, —NO,, C,-C haloalkyl, and —N(R'"),;
R" is independently seleeted from among H, C,-C.alkyl,
C,-Cgcycloalkyl, aryl, heteroaryl, and C,-C heterealkyl

In some embodiments, 1.~ is

In some embodiments, G® is CH. In other embodiments, G® is
N.

In some embodiments, [.* is

In some embodiments, G” is N; and G'° is O or S. In other
embodiments, G'° is S.

In some embodiments, [.* is an optionally substituted
C,-Cgalkyl.

In some embodiments, [° is selected from among
C,-Cgalkyl,

Rl3 Rl3
R14\ ‘)\ R”\ ‘)\
N F

Y X

?;e: :
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_continued R® and R** taken together can form a optionally substituted

/ N -, or 6-membered ring.
‘ | In some embodiments, compounds provided herein have a
S structure of Formula (I11a):

5

Formula (1l1a)
In some embodiments, L* is selected from among

Rl
10 R 14 — N
XX }l \

R13 R13 N
N
R 14 R 14 RE z / %
AN GS e ‘
7
, and . R N Z
/ 15 RS 9/ X G! R

N R

In some embodiments, compounds provided herein have a

In some embodiments, [~ is structure of Formula (I1Ib):
20
R13 Formula (11Ib)
R 14 RIS R R!
25 R4
N H""‘
N
RO . e \/
N
GS Ll_ ‘
R’ 3
30 RS \/%/ \ ’;’\
In some embodiments, compounds provided herein have a R”

structure of Formula (I11):

In some embodiments, described herein 1s a compound

Formula (111 having a structure represented by Formula (I1Ic):

35
R13 Rl
y )\ i Formula (IIlc)
R —
N SN >’ \ R 13 R
RS ‘ _ 7 AN 40 R 14 G*
R?
RS \".\ Gl/ Rl Rﬁ /\‘/ N\/
Rg Ll_
R’ Q"'{\/ RN
wherein: + R R-O/ G R
G®1is N or CH;
R is H, C,-Calkyl, C,-Cqcycloalkyl, aryl, heteroaryl, _
C,-C heterocycloalkyl —OH, C,-Calkoxy, aryloxy, wherein:
7 ¢ 17 17 G is Nor CR*;
R""—S—, R'YS(—=0)—, R —S(_O)2 , —CN, 4?5 Or E
halide, R'"C(=0)—, R! C(_O)O— RINHC 50  G*isNorCR';
(—O)—, R'"C(—O)NH—, R'"S(—0),NH—, each R' is independently H, halide, —CN, —NO,, —OH,
RY7NHS(—0),—, R'—OC(O)NH—, R"—NHC —OR?, —SR’, —S(—O0)R?, —S(—0),R’, —C(—0)
(—=0)0—, —NO,, C,-Chaloalkyl, and —N(R'7),; R”, 4(—0)0R3 —CH(R),, —N(R"),, —NHCH,C
R'” is independently selected from among H, (_O)OR3 —C(=0)NR?’),, —NHC(=O)R’, or
C,-Cqalkyl, C;-Cgeycloalkyl, aryl, heteroaryl, and 55 —C(OH)(R?),, or an optionally substituted group
C,-C.heteroalkyl. selected from among C,-C.alkyl, C,-Cfluoroalkyl,
R'* is H, C,-Calkyl, C,-Cqcycloalkyl, aryl, heteroaryl, C;-Cgeycloalkyl, C,-Cgalkenyl, C,-C.alkynyl, and
C,-C, heterocycloalkyl, —OH, C,-C.alkoxy, aryloxy, C,-Cgfluoroalkoxy; or
R'Y—S—, R""—S(=0)—, R'""—S(=0),—, —CN, R'is Q'-Q* where Q' is aryl, monocyclic heterocycloalkyl,
halide, R"C(=0)—, R"C(=0)0—, R”NHC 60 monocyclic heteroaryl, bicyclic heteroaryl; and Q~ is H,
(=0)—, RY—C(=ONH—, R"YS(=0),NH—, halide, —CN, —NO,, Cl-CGalkyl,, C,-C.alkoxy,
R"—NHS(=0),—, R'"—OC(=0O)NH—, R'"— —OR’, —SR®, —S(=0)R°, —S(=0),R’>, —C(=0)
NHC(=0)0O—, —NO.,, C,-C haloalkyl, and —N(R'") R’ —C(_O)OR3 —CH(RE‘)E,, —N(R?),, or —C(=0)
: N(R3)2:
R" is independently selected from among H, 65 each R’ is independently H, or an optionally substituted
C,-Cqalkyl, C;-Cqcycloalkyl, aryl, heteroaryl, and group selected from among C,-C.alkyl, C,-C.alkenyl,

C,-Ciheteroalkyl; or C,-Cgalkynyl, C;-Cgcycloalkyl, phenyl, benzyl, thienyl,
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furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-

diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and

pyrimidinyl;

L' is —(CHR™, X'(CHR™),— wherein,
cach n 1s independently O, 1, 2, or 3;

X' is abond, O, S, S(=0), S(=0),, or NR”>;

each R*is independently H, or an optionally substituted
group  selected from among  C,-C.alkyl,
C,-Cgeycloalkyl, C,-Cfluoroalkyl, C,-C.alkenyl,
C,-C.alkynyl, phenyl, and benzyl; or L*-X*-L>-X"
wherein,

[* is a bond, or an optionally substituted group
selected from among C,-C, alkyl, C,-C. alkenyl,
C,-C, alkynyl, aryl, C,-C,  heterocycloalkyl, and
C;-Cgeycloalkyl;

X?isabond, O, S, S(=0), S(=0),, NH, C(=0)NH,
or NHC(=0);

[° is a bond, C,-C, alkyl, C,-C.cycloalkyl, phenyl,
pynidyl, thiazolyl, or thienyl; and

X® is —OH, —CN, —NO,, halide, —CO,H,
—CO,R'", —C(=0)R", —CON(R'"),, —NHC
(_O)Rm —C(OH)(RID)Z,, tetrazolyl, —C(=0)

NHSO,R', —CH(OH)CF,, —COCF,,

—SO NHC(_O)Rm,, or —N(R"),, where each
R ' is independently H, or an optionally substituted
group selected 1from among C,-C.alkyl,
C,-Cluoroalkyl, C,-Cg.alkenyl, C,-C.alkynyl,
C,-Cgeycloalkyl, phenyl, and benzyl;

R> is H, or an optionally substituted group selected from
among, C,-Cgalkyl, C,-Cqcycloalkyl,
C,-Cqlluoroalkyl, C,-Cgalkenyl, C,-C. alkynyl, phe-
nyl, and benzyl;

R°®and R’ are independently H, or an optionally substituted
group selected from among C,-C haloalkyl,
C,-Cgalkyl, C,-Cqeycloalkyl, C,-Calkenyl,
C,-Cgalkynyl, phenyl, benzyl, thiazolyl, C,-C.alkoxy,
C,-Cthioalkoxy, and C,-C.alkyl-X*, wherein,

X* is —CO.H, —CO.,R'', —C(=O)R"', —C(OH)
(R'Y),, C,-C.alkoxy, tetrazolyl, —OH, halide, —CN,
—NO,, —SR", —S(=0O)R'', —S(=0),R",
—N([R"M,, —CONR"M,, —NHC(—=O)R"—C
(—=O)NHSO,R'', —CH(OH)CF,, —COCF,, or
—SO.NHC(—O0O)R"", where each R'" is indepen-
dently H, or an optionally substituted group selected
from among C,-Cqalkyl, C,-Cgfluoroalkyl,
C,-Cgalkenyl, C,-C. alkynyl, C;-Cqcycloalkyl, phe-
nyl, and benzyl;

or R®and R’ can together form an optionally substituted 5-,
6-, or 7-membered non-aromatic monocyclic ring con-
taining 0, 1, or 2 heteroatoms selected from among S and
O;

or R® and R’ can together form an optionally substituted
bicyclo[3,2,1]ring contamning 1 or 2 heteroatoms
selected from among S and O;

or R® and R’ can together form a carbonyl (C—0); and

R® is H, —OH, —CONH,, tetrazolyl, —CN, —N,,
C,-C.alkyl, C,-C.lkenyl, —CF,, —CO,H, —OR"'~,
—CON(R"),, —CO,—R"*, —SR"*, —S(=—0O)R"~,
S(=0),R"*, —SO,N(R'?),, C(=O)R "%, C(OH)(R ™),
— CH—N—OR"*, —N(R"*),, NHC(—O)R"*, —OC
(=O)R'?, or an optionally substituted group selected
from among C,-C.fluoroalkoxy, C;-Cgcycloalkoxy,
benzyl, and phenyl; where each R'* is independently H,
or an optionally substituted group selected from among
C,-Cgalkyl, C,-Cqtluoroalkyl, C,-Cgalkenyl,
C,-Cgalkynyl, C;-Cqcycloalkyl, C,-Cgcycloalkylalkyl,
phenyl, and benzyl;
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R® and R® can together form an optionally substituted
C,-Ciheterocycloalkyl having 1 or 2 O atoms 1n the ring;;

R” is H, halide, —CN, —NO,, —OH, or an optionally
substituted group selected from among C,-C.alkyl,
C;-Cqeycloalkyl, C,-Cluoroalkyl, C,-C.alkenyl,
C,-Cgalkynyl, C,-C.alkoxy, phenyl, and benzyl;

R"™ is H, C,-C.alkyl, C,-C.cycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C,alkoxy, aryloxy,
RYS—, RYS(=0)—, R'"S(=0),—, —CN, halide,
R"C(=0)—, R"C(=0)0—, R"NHC(—0)—,
— R"—C(=O)NH—, R'/S(—=0),NH—, R'"—NHS
(=0),—, R'"—OC(=0)NH—, R'"—NHC(=0)
O—, —NO,, C,-C haloalkyl, and —N(R'"),:

R'” is independently selected from among T,
C,-Cqalkyl, C;-Cqeycloalkyl, aryl, heteroaryl, and
C,-Cheteroalkyl.

R™ is H, C,-C.alkyl, C,-Ccycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C,alkoxy, aryloxy,
RYS—, RYS(=0)—, R''S(=0),—, —CN, halide,
RYC(=0)—, R'C(=0)0—, R"NHC(=0)—.
—RY—C(=0)NH—, R""S(=0),NH—, R""—NHS
(—=0),—, R'"—OC(—=0O)NH—, R'"—NHC(=—0)
O—, —NO.,, C,-C_haloalkyl, and —N(R'"),;

R" is independently selected from among H,
C,-Cqalkyl, C;-Cgcycloalkyl, aryl, heteroaryl, and
C,-Cheteroalkyl; or

R® and R taken together can form an optionally substi-
tuted 5-, or 6-membered ring;

or a pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically
acceptable solvate thereof.

For any and all of the embodiments, substituents can be
selected from among from a subset of the listed alternatives.
For example, in some embodiments, R” is H, halide, —CN,
—NO,, —OH, or an optionally substituted group selected
from among C,-C.alkyl, C,-C fluoroalkyl, and C,-C . alkoxy.
In other embodiments, R” is H.

In some embodiments, L' is selected from among
—(CHRY —, —(CHR*» O—, —(CHR%»S— —O
(CHR™), —, and —S(CHR™),—; n is 0, 1, 2, or 3. In other
embodiments, each R* is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cqcycloalkyl, C,-Cfluoroalkyl; or L*-X*-1.°-X> where,
[*is a bond, or an optionally substituted group selected from
among C,-C, alkyl, C,-C,, heterocycloalkyl, and C;-Cq
cycloalkyl; X* is a bond, O, S, S(=0), or S(=0),; L’ is a
bond, C,-C, alkyl, C,;-C cycloalkyl, phenyl, pyridyl, thiaz-
olyl, or thienyl; and X° is OH, CN, NO,, halide, CO,H,
CO.R'®, C(=O)R", COH)R'"),, tetrazolyl, C(=0)
N{SO Rl':' CH(OH)CF,, COCF,, SO.NHC(—O)R', or
N(Rm) ,, where each R'" is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cqeycloalkyl, phenyl, and benzyl. In yet other embodi-
ments, each R* is independently H, or an optionally substi-
tuted group selected from among C,-Cgalkyl, and
C,-Cgfluoroalkyl; and n 1s 0, 1, or 2. In some other embodi-
ments, n is 0 or 1. In some embodiments, L' is selected from
among —(CHR*) —, —(CHR*), O—, —(CHR®),S—,
—O(CHR™"),—, and —S(CHR™),—; each R* is indepen-
dently H, or an optionally substituted group selected from
among C,-C.alkyl, and C,-Cfluoroalkyl; n1s 0, 1, or 2. In
some other embodiments, each R* is H; n is 0 or 1.

In some embodiments, R'® is H, C,-C.alkyl, —OH,
C,-C.alkoxy, —CN, halide, R''C(—=0)0—, R""—NHC
(=0)O—, or C,-Chaloalkyl; R'’ is selected from among, H,
and C,-C.alkyl; R'* is H, C,-C.alkyl, —OH, C,-Calkoxy,
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—CN, halide, R"'C(=0)0—, R'"—NHC(=—0)O—, or
C,-C.haloalkyl; R'7 is selected from among H, and
C,-C.alkyl. In some embodiments, R'® is H, C,-Calkyl,
—QH, C,-Calkoxy, —CN, halide, or C, -C haloalkyl; R**is
H, C,-Cgalkyl, —OH, C,-C.alkoxy, —CN, halide, or
C,-C haloalkyl; or R® and R'* taken together can form an
optionally substituted 5-, or 6-membered ring.

In some embodiments, each R is independently H, halide,
—CN, —NO,, —OH, —OR’, —SR°, —S(=0)R",
—S(:O)2R3: —C(:O)R3: 4C(:O)OR35 —CH(R3)Z:
—N(R3)2 ’ —NHCHEC(:O)OR3 ’ —C (:O)N(R3 )2 ’
—NHC(=—0)R’, or —C(OH)(R?),, or an optionally substi-
tuted group selected from among C,-C.alkyl,
C,-Cgtluoroalkyl, C;-Cqeycloalkyl, C,-Cgalkenyl,
C,-C.alkynyl, and C, -C fluoroalkoxy; or R' is Q"-Q~* where
Q' is aryl, monocyclic heterocycloalkyl, monocyclic het-
eroaryl; and Q° is H, halide, —CN, —NO,,, C,-C alkyl,
C,-Czalkoxy, —OR>, —SR’, —S(=0O)R’, —S(=0),R",
—C(:O)RB: 4C(:O)OR3: —CH(RB)Z: —N(RB)Z: Or
—C(=0)N(R?),.

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-C.alkyl, C;-Cgicycloalkyl, C,-Calkenyl,
C,-C.alkynyl, thiazolyl, C,-C.alkoxy, C,-C thioalkoxy, and
C,-C.alkyl-X®*, wherein, X* is —CO,H, —CO.,R",
C{-Cﬁalkoxy, tetrazolyl, —OH, —CON(R""),, where each
R is independently H, or an optionally substituted group
selected from among C,-C.alkyl, and C,-C_fluoroalkyl; or
R® and R’ can together form an optionally substituted 5-, 6-,
or 7-membered monocyclic ring containing 0, 1, or 2 heteroa-
toms selected from among S and O; or R® and R’ can together
form a carbonyl (C=0).

In yet other embodiments, R® and R’ are independently H,
or an optionally substituted group selected from among
C,-Cihaloalkyl, C,-C.alkyl, C;-Cgicycloalkyl, C,-Calkenyl,
and C,-Calkyl-X*, wherein, X* is —CO,H, —CO,R"", or
—CON(R"),, where each R'" is independently H, or an
optionally substituted C,-Calkyl; or R® and R’ can together
form an optionally substituted 6-membered monocyclic ring
containing 0 or 1 O atoms; or R°® and R’ can together form a
carbonyl (C=0).

In some embodiments, R® is H, —OH, —CONIL,, tetra-
zolyl, —CN, C,-C.alkyl, C,-C.alkenyl, —CF,, —CO,H,
—OR", —CON(R"?),, —CO,—R"*, —SR"'*, —S(=0)
Rlza S(:O)lezn _SozN(R12)2: C(:O)R12: C(OH)(R12)2:
— CH=N—O0R"?, or —OC(=0)R"'*; where each R'* is
independently H, or an optionally substituted group selected
from among C,-C alkyl, C, -C fluoroalkyl, C,-C.cycloalkyl,
C,-Cqcycloalkylalkyl, phenyl, and benzyl.

In some embodiments, G* is CR'. In yet other embodi-
ments, G*is N.

In some embodiments, G* is CR'. In some other embodi-
ments, G' is N.

In some embodiments, G® is CH. In other embodiments, G®
1s N.

In some embodiments, compounds provided herein have a
structure of Formula (IV):

Formula (IV)

\\Q(_

6 G’
R / | A
R7 =z
GIU Ll— ‘
R® > >
X G! R/
RQ'
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wherein:

G” is N or CH; and

G'”is NR*, OorS;

R” is independently H, —C(—O)R>, C(—=0)OR’, —CH
(R?),, —C(=0O)N(R?),, or an optionally substituted
group selected from C,-C.alkyl, C,-C.fluoroalkyl,
C,-Cgeycloalkyl, C,-C.alkenyl, C,-C.alkynyl, aryl,
monocyclic heterocycloalkyl, monocyclic heteroaryl,
and bicyclic heteroaryl;

R> is independently H, or an optionally substituted group
selected from among C,-C.alkyl, C,-C.alkenyl,
C,-Cgalkynyl, C,-Cgcycloalkyl, phenyl, benzyl, thienyl,
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl.

In some embodiments, G” is N; and G'° is O or S. In other

embodiments, G'° is S.

In some embodiments, R” is H, halide, —CN, —NO.,,
—OH, or an optionally substituted group selected from
among C,-C.alkyl, C,-C.fluoroalkyl, and C,-C.alkoxy. In
some other embodiments, R” is H.

In some embodiments, L' is selected from among
—(CHR% —, —(CHR» O—, —(CHR%)S— —O
(CHR™), —, and —S(CHR™),—; n is 0, 1, 2, or 3. In other
embodiments, each R* is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cluoroalkyl; andnis O or 1. In some other embodiments,
R*is H;and nis O or 1.

In some embodiments, each R is independently H, halide,
—CN, —OH, or an optionally substituted group selected
from among C,-C.alkyl, C,-Cfluoroalkyl; or R is Q'-Q~
where Q' is aryl, monocyclic heterocycloalkyl, monocyclic
heteroaryl; and Q° is H, halide, —CN, C,-C.alkyl, or
C,-Cgalkoxy.

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-C.alkyl, C;-Cqcycloalkyl, C,-Calkenyl,
C,-Cgalkynyl, thiazolyl, C,-C,alkoxy, C,-Cthioalkoxy, and
C,-C.alkyl-X®*, wherein, X* is —CO,H, —CO.,R",
C,-C.alkoxy, tetrazolyl, —OH, —CON(R'"),, where each
R is independently H, or an optionally substituted group
selected from among C,-C.alkyl, and C,-Cfluoroalkyl; or
R® and R’ can together form an optionally substituted 5-, 6-,
or 7-membered monocyclic ring containing 0, 1, or 2 heteroa-
toms selected from among S and O.

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-Cgalkyl, C;-Cgqcycloalkyl, and
C,-C.alkyl-X®, wherein, X* is —CO,H, —CO,R"', or
—CON(R"),, where each R'" is independently H, or an
optionally substituted C,-C.alkyl; or R® and R’ can together
form an optionally substituted 6-membered monocyclic ring

containing 1 O atom.
In some embodiments, R® is H, —OH, —CONH.,, tetra-

zolyl, —CN, C,-C.alkyl, C,-C.alkenyl, —CF,;, —CO,H,
—OR", —CON(R"),, —CO,—R"*, —SR"*, —S(=0)
R", S(=0),R"*, —SO,N(R"*),, C(=0)R"*, C(OH)(R"?).,
— CH—N—OR"*, —OC(=0)R"*, or an optionally substi-
tuted group selected from among C,-Cfluoroalkoxy,
C,-C.cycloalkoxy, benzyl, and phenyl; where each R'* is
independently H, or an optionally substituted group selected
from among C,-C.alkyl, C,-Cfluoroalkyl, C,-Cqcycloalkyl,
C,-Cqcycloalkylalkyl, phenyl, and benzyl.

In some other embodiments, R® is H, —OH, —CONH.,,
—CN, C,-Calkyl, C,-C.alkenyl, —CF,, —CO,H, —OR'~,
—CON(R"™),, —CO,—R"'?, —OC(=0)R'?, or an option-
ally  substituted group  selected from  among
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C,-C.cycloalkoxy; where each R'* is independently H, or an R°and R’ are independently H, or an optionally substituted
optionally substituted C,-C alkyl. group selected from among C,-Chaloalkyl,
In some embodiments, compounds provided herein have a C,-Cgalkyl, C;-Cgqeycloalkyl, C,-Cgalkenyl,
structure of Formula (V): C,-Cqalkynyl, phenyl, benzyl, thiazolyl, C,-C . alkoxy,

> C,-C thioalkoxy, and C,-C .alkyl-X*, wherein,
X* is —CO.H, —CO.,R'', —C(=0O)R"", —C(OH)
Formula (V) (R'"),, C,-C.alkoxy, tetrazolyl, —OH, halide, —CN,
R 13 ol —NO,, —SR'', —S(=0)R'', —S(=0),R",

—N(R"),, —CON(R'"),, —NHC(—O)R'"—C

RS =N\ 10 (—O)NHSO,R'!, —CH(OH)CF,, —COCF,, or
N N —SO_NHC(=0)R"", where each R'" is indepen-
RS (\/ N/ dently H, or an optionally substituted group selected
o Ll_l from among C,-Cqalkyl, C,-C fluoroalkyl,
RS /\/ \Gf’?\Rl 5 C,-Cgalkenyl, C,-C . alkynyl, C,-Cqcycloalkyl, phe-
R’ nyl, and benzyl;
or R® and R’ can together form an optionally substituted 5-,
wherein: 6-, or 7-membered non-aromatic monocyclic ring con-
G'is N or CR*: taining 0, 1, or 2 heteroatoms selected from among S and
each R' is independently H, halide, —CN, —NO,, —OH, 20 O,
—OR?, —SR’, —S(=0)R’, —S(=0),R>, —C(=0) or R® and R’ can together form an optionally substituted
R®, —C(—0O)OR’, —CH(R?),, —N(R"),, —NHCH,,C bicyclo[3,2,1]ring contamning 1 or 2 heteroatoms
(—=0)OR>, —C(=0)NR?),, —NHC(=O0)R>, or selected from among S and O;
—C(OH)(R?),, or an optionally substituted group or R® and R’ can together form a carbonyl (C=0); and
selected from among C,-Cgalkyl, C,-Cgtluoroalkyl, 25 R® is H, —OH. —CONH,, tetrazolyl, —CN, —N.,,
C3-Cyeycloalkyl,  C,-Cgalkenyl, C,-Cgalkynyl, and C,-C.alkyl, C,-C.alkenyl, —CF,, —CO,H, —OR*'2,
(;l-Cﬁﬂuoroalkoxy;: Or _ —CON(R"),, —CO,—R", —SR"*, —S(=0)R"*,
R'is Q'-Q° where Q'is aryl, monocyclic heterocycloza}kyl, S(—0),R'2,—_SO,N(R'?),, C(—O)R'2, C(OH)(R'2),.
monocyclic heteroaryl, bicyclic heteroaryl; and Q~ 1s H, _N(R'™?),, NHC(=O)R'2, —OC(=O)R'2, or an

halide, —CN, —NO,, C,-C.alkyl, C,-C.alkoxy, 30
—OR’, —SR®, —S(=0)R°, —S(=0),R°, —C(=0)
R>, —C(=0)OR’, —CH(R?),, —N(R?),, or —C(=0)
NR?),;

each R is independently H, or an optionally substituted
group selected from among C,-C alkyl, C,-C . alkenyl, 35
C,-Cgalkynyl, C,-Cqcycloalkyl, phenyl, benzyl, thienyl, C5-Cyeycloalkyl, C,-Cyeycloalkylalkyl, phenyl, and
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia- 6benzy L; Ot | |
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and R” and R” can together form an optionally substituted

optionally substituted group selected from among
C,-Cqfluoroalkoxy, C,-Cqcycloalkoxy, benzyl, and phe-
nyl; where each R'“ is independently H, Or an optionally
substituted group selected from among C,-C.alkyl,

C,-Cgtluoroalkyl, C,-Cgalkenyl, C,-Cgalkynyl,

pyrimidinyl;

L' is —(CHR?*) X*(CHR™), — wherein,

cach n 1s independently O, 1, 2, or 3;

X"is abond, O, S, S(=0), S(=0),, or NR”;

each R™ is independently H, or an optionally substituted
group selected from among  C,-Cgalkyl,

C;-Cqeycloalkyl, C,-Cfluoroalkyl, C,-C.alkenyl,

C,-C.alkynyl, phenyl, and benzyl; or L*-X*-1.>-X°

wherein,

L* is a bond, or an optionally substituted group
selected from among C,-C, alkyl, C,-C, alkenyl,
C,-C, alkynyl, aryl, C,-C, heterocycloalkyl, and
C;-C, cycloalkyl;

X?isabond, O, S, S(=0), S(=0),, NH, C(=0O)NH,
or NHC(=0);

> is a bond, C,-C,, alkyl, C,-C, cycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and

X? is —OH, —CN, —NO,, halide, —CO,H,
—CO,R", —C(_O)R“j —CON(RID)Z, —NHC
(_O)Rm —C(OH)(RlD)z, tetrazolyl, —C(=0)

NHSO,R', —CH(OH)CF,, —COCF;,
—SO NHC(_O)RlD or —N(R'),, where each
R'” is independently H, or an optionally substituted
group selected from among C,-Cgalkyl,
C,-Cfluoroalkyl, C,-C.alkenyl, C,-C . alkynyl,
C;-Cqceycloalkyl, phenyl, and benzyl;

R> is H, or an optionally substituted group selected from
among C,-C.alkyl, C,;-Cqcycloalkyl, C,-Cfluoroalkyl,
C,-Cgalkenyl, C,-Calkynyl, phenyl, and benzyl;
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C,-Cgheterocycloalkyl having 1 or 2 O atoms 1n the ring;
R” is H, halide, —CN, —NO,, —OH, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cgeycloalkyl, C,-C.fluoroalkyl, C,-C.alkenyl,
C,-Calkynyl, C,-C.alkoxy, phenyl, and benzyl;
R" is H, C,-C.alkyl, C,-Cqcycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C,alkoxy, aryloxy,

R""—S— R'""—S(=0)—, R""—S(=0),—, —CN,
halide, R'YC(=0)— R"C(=0)0—, R”NHC
(=0)—, —R'""—C(=0)NH—, R'/S(=0),NH—,
RY—NHS(=0),—, R'""—0OC(=0)NH—, R"—
NHC(=0)0O—, —NO,, C,-C;haloalkyl, and —N
(R™7)s;

R'” is independently selected from among H,
C,-Cqalkyl, C;-Cgcycloalkyl, aryl, heteroaryl, and
C,-Ciheteroalkyl.

R™ is H, C,-C.alkyl, C,-Ccycloalkyl, aryl, heteroaryl,

C,-C, heterocycloalkyl, —OH, C,-C alkoxy, aryloxy,

R'—S— R'""—S(=0)—, R""—S(=0),—, —CN,
halide, R'C(=0)—, R'"C(=0)0—, R'NHC
(—=0)— —R'""—C(=0O)NH—, R'S(=0),NH—,
R'Y—NHS(=0),—, R'""—OCE=ONH—, R'"—
NHC(=0)0O—, —NO,, C,-C;haloalkyl, and —N
(R™7)s:

R'” is independently selected from among H,
C,-Cqalkyl, C;-Cgcycloalkyl, aryl, heteroaryl, and
C,-Ciheteroalkyl; or

R® and R'* taken together can form a optionally substituted

5-, or 6-membered ring;



US 7,919,621 B2

17

or a pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically
acceptable solvate thereof.

In some embodiments, G* is CR'. In other embodiments,
G'is N.

In some embodiments, R” is H, halide, —CN, —NO.,,
—OH, or an optionally substituted group selected from
among C,-C.alkyl, C,-C_fluoroalkyl, and C,-C.alkoxy. In
other embodiments, R” is H, or halide. In yet other embodi-
ments, R” is H.

In some embodiments, R'® is H, C,-Calkyl, —OH,
C,-C.alkoxy, —CN, halide; R'’ is independently selected
from among H, and C, -C .alkyl; R'*is H, C,-C .alkyl, —OH,
C,-C.alkoxy, —CN, halide; or R® and R'* taken together can
form a optionally substituted 5-, or 6-membered ring.

In some embodiments, L' is selected from among
—(CHRY, —, —(CHR»,O—, —(CHR%)S— —O
(CHR™, —, and —S(CHR*),—; n is 0, 1, 2, or 3. In other
embodiments, each R* is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C;-Cqeycloalkyl, C,-C fluoroalkyl. In other embodiments,
R*is H;andnis 0, 1, or 2. In some embodiments, nis O or 1.

In some embodiments, each R is independently H, halide,
—CN, —NO,, —OH, —OR®, —SR°, —S(=0)R",
—S(=0),R®>, —C(=0)R’, —C(=0)0OR’, —CHR?).,
—N(R%),, —NHCH,C(=0)OR>, —C(=0)N(R").,
—NHC(=0)R">, or —C(OH)(R?>),, or an optionally substi-
tuted group selected from among C,-Cgalkyl,
C,-Cfluoroalkyl, C,-Cqeycloalkyl, C,-Cialkenyl,
C,-C.alkynyl, and C,-Cfluoroalkoxy; or R" is Q' -Q° where
Q' is aryl, monocyclic heterocycloalkyl, monocyclic het-
eroaryl; and Q° is H, halide, —CN, —NO,, C,-C .alkyl,
C,-Cqalkoxy, —OR>, —SR°®, —S(=0)R>, —S(=0).R",
—C(=0)R>, —C(=0)OR’?, —CH(R?),, —N(R>),, or
— C(=O)NR?),.

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-Cgalkyl, C;-Cgcycloalkyl, C,-C.alkenyl,
C,-Cqalkynyl, thiazolyl, C,-C alkoxy, C,-C thioalkoxy, and
C,-C.alkyl-X*, wherein, X* is —CO,H, —CO,R",
C,-C.alkoxy, tetrazolyl, —OH, —CON(R'"),, where each
R is independently H, or an optionally substituted group
selected from among C,-C.alkyl, and C,-C_fluoroalkyl; or
R° and R’ can together form an optionally substituted 5-, 6-,
or 7-membered monocyclic ring contaiming 0, 1, or 2 heteroa-
toms selected from among S and O; or R° and R’ can together
form a carbonyl (C—0). In other embodiments, R° and R are
independently H, or an optionally substituted group selected
from among C,-C haloalkyl, C,-C.alkyl, C;-C.cycloalkyl,
and C,-C.alkyl-X*, wherein, X* is —CO,H, —CO.R'", or
—CON(R"™),, where each R'' is independently H, or an
optionally substituted C,-C.alkyl; or R® and R’ can together
form an optionally substituted 3-, 6-, or 7-membered mono-
cyclic ring containing O, 1, or 2 heteroatoms selected from S
and O; or R°® and R’ can together form a carbonyl (C=0).

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cshaloalkyl, C,-Cgqalkyl, C;-Cqcycloalkyl, and
C,-C.alkyl-X* wherein, X* is —CO,H, —CO.R"'", or
—CON(R"™),, where each R'" is independently H, or an
optionally substituted C,-C.alkyl; or R® and R’ can together
form an optionally substituted 6-membered monocyclic ring
containing 0 or 1 O atoms; or R® and R’ can together form a
carbonyl (C=0).

In some embodiments, R® is H, —OH, —CONIL,,, tetra-
zolyl, —CN, C,-C.alkyl, C,-Cgalkenyl, —CF,, —CO,H,
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—OR", —CON(R"),, —CO,—R"*, —SR"*, —S(=0)
R™, S(=0),R"*, —SO,N(R"?),, C(=0)R"*, C(OH)(R"?).,
— CH=N—O0R"*, —OC(=0)R'?, or an optionally substi-
tuted group selected from among C,-C fluoroalkoxy,
C,-C.cycloalkoxy, benzyl, and phenyl; where each R'* is
independently H, or an optionally substituted group selected
from among C,-C.alkyl, C,-C [fluoroalkyl, C;-Cscycloalkyl,
C,-Cqcycloalkylalkyl, phenyl, and benzyl.

In some embodiments, compounds provided herein have a
structure of Formula (VI):

Formula (VI)

Rl

Rl
N/ N
e Va4
NN

In some embodiments, G is CR'. In yet other embodi-
ments, G* is N.

Any of the combinations of the groups described above for
the various variables 1s contemplated herein. It 1s understood
that substituents and substitution patterns on the compounds
provided herein can be selected by one of ordinary skill in the
art to provide compounds that are chemically stable and that
can be synthesized by techniques known 1n the art, as well as
those set forth herein.

In another aspect, provided are pharmaceutical composi-
tions that include a compound, pharmaceutically acceptable
salt, pharmaceutically acceptable N-oxide, pharmaceutically
active metabolite, pharmaceutically acceptable prodrug, or
pharmaceutically acceptable solvate of any compound
described herein. In a further aspect, provided are composi-
tions further including a pharmaceutically acceptable diluent,
excipient or binder. In a further aspect, provided are compo-
sitions further including a second pharmaceutically active
ingredient.

In certain embodiments, provided herein 1s a pharmaceu-

tical composition containing: 1) a physiologically acceptable
carrier, diluent, and/or excipient; and 11) one or more com-
pounds provided herein.
In another aspect, described herein 1s a pharmaceutical com-
position that includes a therapeutically effective amount of a
compound described herein and a pharmaceutically accept-
able excipient.

In another aspect, described herein 1s a method for treating,
inflammation 1n a mammal comprising administering a thera-
peutically effective amount of a compound described herein
to the mammal 1n need.

In another aspect, described herein 1s a method for treating,
respiratory disease 1n a mammal comprising administering a
therapeutically effective amount of a compound described
herein to the mammal 1n need. In one aspect, the respiratory
disease 1s asthma.

In another aspect, described herein 1s a method for treating
cardiovascular disease 1n a mammal comprising administer-
ing a therapeutically effective amount of a compound
described herein to the mammal in need.

In one aspect, provided herein are methods for treating a
patient by administering a compound provided herein some
embodiments, provided herein 1s a method of inhibiting the
activity of 5-LO or of treating a disease, disorder, or condi-
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tion, which would benefit from 1nhibition of 5-LO activity in
a patient, which includes administering to the patient a thera-
peutically effective amount of at least one of any of the
compounds herein, or pharmaceutically acceptable salt, phar-
maceutically acceptable N-oxide, pharmaceutically active
metabolite, pharmaceutically acceptable prodrug, or pharma-
ceutically acceptable solvate.

In another aspect, provided herein are methods of treating,
a leukotriene dependent or leukotriene-mediated disease or
condition in a patient, that includes administering to the
patient a therapeutically eflective amount of the compound,
pharmaceutically acceptable salt, pharmaceutically accept-
able N-oxide, pharmaceutically active metabolite, pharma-
ceutically acceptable prodrug, or pharmaceutically accept-
able solvate of any compound described herein, which
inhibits the activity of 5-LO. In a further embodiment, the
disease or condition 1s respiratory disease or cardiovascular
disease. In an alternative embodiment, the disease or condi-
tion 1s asthma, chronic obstructive pulmonary disease, pul-
monary hypertension, interstitial lung fibrosis, rhinitis, aortic
aneurysm, myocardial infarction, or stroke. In an alternative
embodiment, the disease or condition 1s asthma. In an alter-
native embodiment, the disease or condition 1s cancer or a
non-cancerous disorder. In an alternative embodiment, the
disease or condition 1s anon-cancerous disorder involving the
skin or lymphatic tissues. In an alternative embodiment, the
disease or disorder 1s a metabolic disorder. In an alternative
embodiment, the disease or disorder relates to bone remod-
cling, loss or gain. In an alternative embodiment, the disease
or condition 1s 1atrogenic.

In some embodiments, the inflammatory conditions to be
treated with the compounds described herein include, but are
not limited to, asthma, chronic obstructive pulmonary dis-
case, pulmonary hypertension, interstitial lung fibrosis, rhini-
t1s, aortic aneurysm, myocardial infarction, and stroke. In
other embodiments the proliferative disorders include, but are
not limited to, cancer and non-cancerous disorders, includ-
ing, but not limited to, those 1nvolving the skin or lymphatic
tissues. In other embodiments the metabolic disorders
include, but are not limited to, bone remodeling, loss or gain.
In additional embodiments, such conditions are i1atrogenic
and increases 1n, or abnormal localization of, leukotrienes
may be induced by other therapies or medical or surgical
procedures.

In other embodiments, the methods, compounds, pharma-
ceutical compositions, and medicaments described herein
may be used to prevent the cellular activation of 3-lipoxyge-
nase, while 1n other embodiments the methods, compounds,
pharmaceutical compositions, and medicaments described
herein may be used to limit the formation of leukotrienes. In
other embodiments, such methods, compounds, pharmaceu-
tical compositions, and medicaments include compounds dis-
closed herein, which 1nhibit the activity of 5-lipoxygenase,
for the treatment of asthma by: (a) lowering the concentra-
tions of leukotrienes 1n certain tissue(s) of the body or 1n the
entire body of a patient, (b) modulating the activity of
enzymes or proteins in a patient wherein such enzymes or
proteins are mvolved 1n the leukotriene pathway such as, by
way ol example, 5-lipoxygenase, or (¢) combining the effects
of (a) and (b). In yet other embodiments, the methods, com-
pounds, pharmaceutical compositions, and medicaments
described herein may be used in combination with other
medical treatments or surgical modalities.

In some embodiments, provided herein are methods for
reducing/inhibiting the leukotriene synthetic activity of 5-li-
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poxygenase 1n a mammal comprising administering to the
mammal at least once an effective amount of a compound
described herein.

In other embodiments, provided herein are methods for
modulating, including reducing and/or inhibiting, the activity
of S-lipoxygenase, directly or indirectly, in a mammal com-
prising administering to the mammal at least once an effective
amount of at least one compound described herein.

In further embodiments, provided herein are methods for
treating leukotriene-dependent or leukotriene mediated con-
ditions or diseases, comprising adminmistering to the mammal
at least once an effective amount of at least one compound
described herein.

In yet further embodiments, provided herein are methods
for treating intflammation comprising administering to the
mammal at least once an effective amount of at least one
compound described herein.

In other embodiments, provided herein are methods for
treating respiratory diseases comprising administering to the
mammal at least once an effective amount of at least one
compound described herein. In a further embodiment of this
aspect, the respiratory disease 1s asthma. In a further embodi-
ment of this aspect, the respiratory disease includes, but 1s not
limited to, adult respiratory distress syndrome and allergic
(extrinsic) asthma, non-allergic (intrinsic) asthma, acute
severe asthma, chronic asthma, clinical asthma, nocturnal
asthma, allergen-induced asthma, aspirin-sensitive asthma,
exercise-induced asthma, 1socapnic hyperventilation, child-
onset asthma, adult-onset asthma, cough-variant asthma,
occupational asthma, steroid-resistant asthma or seasonal
asthma.

In yet other embodiments, provided herein are methods for
preventing chronic obstructive pulmonary disease compris-
ing administering to the mammal at least once an effective
amount of at least one compound described herein. In a fur-
ther embodiment of this aspect, chronic obstructive pulmo-
nary disease includes, but 1s not limited to, chronic bronchaitis
or emphysema, pulmonary hypertension, interstitial lung
fibrosis and/or airway intflammation and cystic fibrosis.

In some embodiments, provided herein are methods for
preventing increased mucosal secretion and/or edema 1n a
disease or condition comprising administering to the mam-
mal at least once an eflective amount of at least one com-
pound described herein.

Yet 1n other embodiments, provided herein are methods for
preventing or treating vasoconstriction, atherosclerosis and
its sequelae myocardial 1schemia, myocardial infarction, aor-
tic aneurysm, vasculitis and stroke comprising administering
to the mammal an effective amount of a compound described
herein.

Additional embodiments provided herein include methods
for reducing organ reperfusion njury following organ
ischemia and/or endotoxic shock comprising administering
to the mammal at least once an effective amount of at least one
compound described herein.

Still further embodiments provided herein include meth-
ods for reducing the constriction of blood vessels 1n a mam-
mal comprising administering to the mammal at least once an
cifective amount of at least one compound described herein.

Some other embodiments are methods for lowering or
preventing an increase 1n blood pressure of a mammal com-
prising administering to the mammal at least once an effective
amount of at least one compound described herein.

Other embodiments provided herein include methods for
preventing eosinophil and/or basophil and/or dendritic cell
and/or neutrophil and/or monocyte recruitment comprising
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administering to the mammal at least once an effective
amount of at least one compound described herein.

Some further embodiments provided herein include meth-
ods for the prevention or treatment of abnormal bone remod-
eling, loss or gain, including diseases or conditions as, by way
of example, osteopenia, osteoporosis, Paget’s disease, cancer
and other diseases comprising administering to the mammal
at least once an effective amount of at least one compound
described herein.

Additional embodiments provided herein include methods
for preventing ocular inflammation and allergic conjunctivi-
t1s, vernal keratoconjunctivitis, and papillary conjunctivitis
comprising administering to the mammal at least once an
clfective amount of at least one compound described herein.

Still further embodiments provided herein include meth-
ods for preventing CNS disorders comprising administering
to the mammal at least once an effective amount of at least one
compound described herein. CNS disorders include, but are
not limited to, multiple sclerosis, Parkinson’s disease, Alzhe- ¢
imer’s disease, stroke, cerebral 1schemia, retinal ischemia,
post-surgical cognitive dysfunction, migraine, peripheral
neuropathy/neuropathic pain, spinal cord injury, cerebral
edema and head injury.

Some additional embodiments provided herein include 25
methods for the treatment of cancer comprising administer-
ing to the mammal at least once an effective amount of at least
one compound described herein. The type of cancer may
include, but 1s not limited to, pancreatic cancer and other solid
or hematological tumors. 30
In some embodiments, provided herein are methods for
preventing endotoxic shock and septic shock comprising
administering to the mammal at least once an effective
amount of at least one compound described herein.

In further embodiments, provided herein are methods for 35
preventing rheumatoid arthritis and osteoarthritis comprising,
administering to the mammal at least once an effective
amount of at least one compound described herein.

In other embodiments, methods for preventing increased
GI diseases comprising administering to the mammal at least 40
once an effective amount of at least one compound described
herein, are provided. Such diseases include, by way of
example only, chronic gastritis, eosinophilic gastroenteritis,
and gastric motor dysfunction.

In further embodiments, provided herein are methods for 45
treating kidney diseases comprising administering to the
mammal at least once an effective amount of at least one
compound described herein. Such diseases include, by way of
example only, glomerulonephritis, cyclosporine nephrotox-
icity renal 1schemia reperfusion. 50

In still further embodiments, provided herein are methods
for preventing or treating acute or chronic renal insutliciency
comprising administering to the mammal at least once an
elfective amount of at least one compound described herein.

In yet further embodiments, provided herein are methods 55
for treating type II diabetes comprising administering to the
mammal at least once an effective amount of at least one
compound described herein

In other embodiments, provided herein are methods to
diminish the inflammatory aspects of acute infections within 60
one or more solid organs or tissues such as the kidney with
acute pyelonephritis comprising administering to the mam-
mal at least once an effective amount of at least one com-
pound described herein.

In further embodiments, provided herein are methods for 65
preventing or treating acute or chronic disorders mvolving,
recruitment or activation of eosinophils comprising adminis-
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tering to the mammal at least once an effective amount of at
least one compound described herein.

In another aspect, provided herein are methods for prevent-
ing or treating acute or chronic erosive disease or motor
dystunction of the gastrointestinal tract caused by non-steroi-
dal anti-inflammatory drugs (including selective or non-se-
lective cyclooxygenase-1 or -2 ihibitors ) comprising admin-
istering to the mammal at least once an effective amount of at
least one compound described herein.

Other embodiments provided herein include methods for
the prevention or treatment of rejection or dystunction 1n a
transplanted organ or tissue comprising administering to the
mammal at least once an effective amount of at least one
compound described herein.

Further embodiments provided herein include methods for
treating inflammatory responses of the skin comprising
administering to the mammal at least once an effective
amount of at least one compound described herein. Such
inflammatory responses of the skin include, by way of
example, dermatitis, contact dermatitis, eczema, urticaria,
rosacea, and scarring. In another aspect are methods for
reducing psoriatic lesions 1n the skin, joints, or other tissues or
organs, comprising administering to the mammal an effective
amount of a compound described herein.

In another aspect, provided herein are methods for the
treatment of cystitis, mcluding, by way of example only,
interstitial cystitis, comprising administering to the mammal
at least once an effective amount of at least one compound
described herein.

Other further embodiments provided herein include meth-
ods for the treatment of metabolic syndromes such as Familial
Mediterranean Fever comprising administering to the mam-
mal at least once an eflfective amount of at least one com-
pound described herein.

Additional further embodiments provided herein include
methods to treat hepatorenal syndrome comprising adminis-
tering to the mammal at least once an effective amount of at
least one compound described herein.

In another embodiment, compounds described herein are
used 1n the manufacture of a medicament for treating an
inflammatory disease or condition in an animal 1n which the
activity of at least one leukotriene protein contributes to the
pathology and/or symptoms of the disease or condition. In
one embodiment of this aspect, the leukotriene pathway pro-
tein 1s S-lipoxygenase. In another or further embodiment of
this aspect, the inflammatory disease or conditions are respi-
ratory, cardiovascular, or proliferative diseases. In one
embodiment, the respiratory disease 1s asthma.

In any of the aforementioned embodiments are further
embodiments 1n which administration 1s enteral, parenteral,
or both, and wherein (a) the effective amount of the com-
pound 1s systemically administered to the mammal; (b) the
elfective amount of the compound 1s administered orally to
the mammal; (c¢) the effective amount of the compound 1s
intravenously administered to the mammal; (d) the effective
amount of the compound administered by inhalation; (e) the
eifective amount of the compound 1s administered by nasal
administration; or (1) the effective amount of the compound 1s
administered by injection to the mammal; (g) the effective
amount of the compound 1s administered topically (dermal)
to the mammal; (h) the effective amount of the compound 1s
administered by ophthalmic admimstration; or (1) the effec-
tive amount of the compound 1s administered rectally to the
mamimal.

In any of the aforementioned embodiments are further
embodiments 1n which the mammal 1s a human, including
embodiments wherein (a) the human has an asthmatic condi-
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tion or trait selected from the group consisting of allergic
(extrinsic) asthma, non-allergic (intrinsic) asthma, acute
severe asthma, chronic asthma, clinical asthma, nocturnal
asthma, allergen-induced asthma, aspirin-sensitive asthma,
exercise-induced asthma, 1socapnic hyperventilation, child-
onset asthma, adult-onset asthma, cough-variant asthma,
occupational asthma, steroid-resistant asthma, or seasonal
asthma, or chronic obstructive pulmonary disease, or pulmo-
nary hypertension or interstitial lung fibrosis. In any of the
alorementioned embodiments are further embodiments 1n
which the mammal 1s an amimal model for pulmonary intlam-
mation, examples of which are provided herein.

In any of the atorementioned embodiments are further
embodiments comprising single administrations of the etfec-
tive amount of the compound, including further embodiments
in which (1) the compound 1s administered once; (1) the
compound 1s administered to the mammal multiple times over
the span of one day; (111) continually; or (1v) continuously.

In any of the aforementioned embodiments are further
embodiments comprising multiple administrations of the
elfective amount of the compound, including further embodi-
ments 1n which (1) the compound 1s administered 1n a single
dose; (11) the time between multiple administrations 1s every
6 hours; (111) the compound 1s administered to the mammal
every 8 hours. In further or alternative embodiments, the
method comprises a drug holiday, wherein the administration
of the compound 1s temporarily suspended or the dose of the
compound being administered 1s temporarily reduced; at the
end of the drug holiday, dosing of the compound 1s resumed.
The length of the drug holiday can vary from 2 days to 1 year.

In any of the alforementioned embodiments mvolving the
treatment of leukotriene dependent diseases or conditions are
turther embodiments comprising administering at least one
additional agent, including, by way of example, an anti-in-
flammatory agent, a different compound having the structure
of Formula (I), a CysLT, receptor antagonist, or a CysLT,/
CysLT, dual receptor antagonist. In further or alternative
embodiments, the CysLT, antagonist 1s selected from mon-
telukast (Singulair®: [1-[[1-[3-[2-[(7-chloro-2-quinolyl)]vi-
nyl]phenyl]-3-[2-(1-hydroxy-1-methyl-ethyl)phenyl]-pro-
pyl]sulianylmethyl]cyclopropyl]acetic acid), zafirlukast
(Accolate®  3-[[2-methoxy-4-(o-tolylsulfonylcarbamoyl)
phenyl|methyl]-1-methyl-1H-1ndol-5-ylJaminoformic acid
cyclopentyl ester) or pranlukast (Onon: 4-oxo0-8-[p-(4-phe-
nylbutyloxy)benzoylamino]-2-tetrazol-5-yl)-4H-1-benzopy-
ran).

In further or alternative embodiments, the anti-inflamma-
tory agent includes, but 1s not limited to, non-steroidal anti-
inflammatory drugs such as a cyclooxygenase inhibitor
(COX-1 and/or COX-2), lipoxygenase inhibitors and steroids
such as prednisone or dexamethasone. In further or alterna-
tive embodiments, the anti-inflammatory agent 1s selected
from the group consisting of Arthrotec® (diclofenac and
misoprostol), Asacol® (S-aminosalicyclic acid), Auralgan®
(antipyrine and benzocaine), Azulfidine® (sulfasalazine),
Daypro® (oxaprozin), etodolac, Ponstan® (mefenamic
acid), Salofalk® (5-aminosalicylic acid), Solu-Medrol®
(methylprednisolone), aspirin, Indocin® (indomethacin),
Vioxx® (rofecoxib), Celebrex® (celecoxib), Bextra® (val-
decoxib), diclofenac, etodolac (Lodine®), ketoprofen,
Mobic® (meloxicam), nabumetone, naproxen, Feldene®
(piroxicam), Celestone® (betamethasone), Deltasone®
(prednisone), or any generic equivalent thereof.

In any of the alorementioned embodiments involving the
treatment of proliferative disorders, including cancer, are fur-
ther embodiments comprising administering at least one
additional agent selected from the group consisting of alem-
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tuzumab, arsenic trioxide, asparaginase (pegylated or non-),
bevacizumab, cetuximab, platinum-based compounds such
as cisplatin, cladribine, daunorubicin/doxorubicin/idarubi-
cin, 1rinotecan, fludarabine, 3-fluorouracil, gemtuzumab,
methotrexate, paclitaxel (Taxol™), temozolomide, thiogua-
nine, or classes of drugs including hormones (an antiestrogen,
an antiandrogen, or gonadotropin releasing hormone ana-
logues, interferons such as alpha interferon, mitrogen mus-
tards such as busulfan or melphalan or mechlorethamine,
retinoids such as tretinoin, topoisomerase mhibitors such as
irinotecan or topotecan, tyrosine kinase inhibitors such as
gefinitinib or 1matinib, or agents to treat signs or symptoms
induced by such therapy including allopurinol, filgrastim,
granisetron/ondansetron/palonosetron, dronabinol.

In any of the aforementioned embodiments 1nvolving the
therapy of transplanted organs or tissues or cells are further
embodiments that include admimstering at least one addi-
tional agent selected from the group consisting of azathio-
prine, a corticosteroid, cyclophosphamide, cyclosporin,
dacluzimab, mycophenolate mofetil, OK'T3, rapamycin, tac-
rolimus, or thymoglobulin.

In any of the atorementioned embodiments involving the
therapy of interstitial cystitis are further embodiments that
include administering at least one additional agent selected
from dimethylsulfoxide, omalizumab, and pentosan polysul-
fate.

In any of the aforementioned embodiments 1involving the
therapy of disorders of bone are further embodiments that
include administering at least one additional agent selected
from the group consisting of minerals, vitamins, bisphospho-
nates, anabolic steroids, parathyroid hormone or analogs, and
cathepsin K inhibitors, dronabinol.

In any of the atorementioned embodiments involving the
prevention or treatment of inflammation are further embodi-
ments comprising: (a) monitoring inflammation in a mam-
mal; (b) measuring bronchoconstriction 1n a mammal; (c)
measuring eosinophil and/or basophil and/or dendritic cell
and/or neutrophil and/or monocyte and/or lymphocyte
recruitment in a mammal; (d) monitoring mucosal secretion
in a mammal; (¢) measuring mucosal edema 1in a mammal; ()
measuring levels of LTB, 1n the calcium ionophore-chal-
lenged blood of a mammal; () measuring levels of LTE, 1n
the urinary excretion of amammal; or (g) identifying a patient
by measuring leukotriene-driven inflammatory biomarkers
such as LTB,, L'TC,, 1I-6, CRP, SAA, MPO, EPO, MCP-1,
MIP-a., sICAMs, 11-4, 11-13.

In any of the aforementioned embodiments the leukot-
riene-dependent or leukotriene mediated diseases or condi-
tions include, but are not limited to, asthma, chronic obstruc-
tive pulmonary disease, pulmonary hypertension, interstitial
lung fibrosis, rhimtis, arthritis, allergy, inflammatory bowel
disease, adult respiratory distress syndrome, myocardial 1ni-
arction, aneurysm, stroke, cancer, and endotoxic shock.

In some embodiments, compounds provided herein are
administered to a human.

In some embodiments, compounds provided herein are
orally administered.

In some embodiments, compounds provided herein are
used for inhibiting the activity of 5-LO. In some embodi-
ments, compounds provided herein are used for inhibiting the
activity of 5-LO or for the treatment of a disease or condition
that would benefit from 1nhibition of 5-LO activity.

In other embodiments, compounds provided herein are
used for the formulation of a medicament for the inhibition of
5-LO activity.

Articles of manufacture containing packaging materal, a
compound described herein, or composition or pharmaceuti-
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cally acceptable derivative thereot, which 1s effective for
inhibiting the activity of 5-LO, within the packaging material,
and a label that indicates that the compound or composition,
or pharmaceutically acceptable salt, pharmaceutically active
metabolite, pharmaceutically acceptable prodrug, or pharma-
ceutically acceptable solvate thereof, 1s used for inhibiting the
activity of 35-LO, are provided.

Other objects, features and advantages of the methods,
compounds, and compositions described herein will become
apparent from the following detailed description. It should be
understood, however, that the detailed description and the
specific examples, while indicating specific embodiments,
are given by way of illustration only, since various changes
and modifications within the spirit and scope of the disclosure
will become apparent to those skilled 1n the art from this
detailed description. All references cited herein, including
patents, patent applications, and publications, are hereby
incorporated by reference 1n their entirety.

INCORPORATION BY REFERENC.

(L]

All publications and patent applications mentioned 1n this
specification are herein incorporated by reference to the same
extent as 11 each individual publication or patent application
was specifically and individually indicated to be incorporated
by reference.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 presents non-limiting examples of compounds
described herein.

FIG. 2 presents non-limiting examples
described herein.

FIG. 3 presents non-limiting examples
described herein.

FIG. 4 presents non-limiting examples
described herein.

FIG. 5 presents non-limiting examples
described herein.

FIG. 6 present an illustrative scheme for the treatment of
patients using the compounds and methods described herein.

FI1G. 7 present an illustrative scheme for the treatment of
patients using the compounds and methods described herein.

FIG. 8 present an illustrative scheme for the treatment of
patients using the compounds and methods described herein.

of compounds
of compounds
of compounds

of compounds

DETAILED DESCRIPTION

Described herein are compounds, methods of making such
compounds, pharmaceutical compositions and medicaments
that include such compounds, and methods of using such
compounds to treat or prevent diseases or conditions associ-
ated with 5-lipoxygenase activity. Described herein are com-
pounds that inhibit the activity of 5-lipoxygenase (5-LO).

Leukotrienes (LTs) are potent contractile and inflamma-
tory mediators produced by release of arachidonic acid from
cell membranes and conversion to leukotrienes by the action
of 5-lipoxygenase, 5-lipoxygenase-activating protein, LTA
hydrolase and LTC, synthase. The leukotriene synthesis path-
way, or S-lipoxygenase pathway, involves a series of enzy-
matic reactions 1 which arachidonic acid 1s converted to
leukotriene L'TB_, or the cysteinyl leukotrienes, LTC,, LTD,,
and LTE,. The pathway occurs mainly at the nuclear envelope

and has been described. See, e.g., Wood, J W et al., J Exp.
Med., 178: 1935-1946, 1993; Peters-Golden, Am. J. Respir.
Crit. Care Med. 157:S2277-S232, 1998 Drazen, et al., ed.

Five-Lipoxygenase Products in Asthma, Lung Biology 1n
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Health and Disease Series, Vol. 120, Chs. 1, 2, and 7, Marcel
Dekker, Inc. NY, 1998. Protein components dedicated to the
leukotriene synthesis pathway 1nclude 5-lipoxygenase
(5-LO), 5-lipoxygenase-activating protein (FLAP), LTA,
hydrolase, and LTC, synthase. The synthesis of leukotrienes
has been described 1n the literature, €.g., by Samuelsson etal.,
Science, 220, 568-375, 1983; Peters-Golden, “Cell Biology

of the 5-Lipoxygenase Pathway” Am J Respir Crit Care Med
157:8227-S232 (1998). Leukotrienes are synthesized
directly from arachidonic acid by different cells including
cosinophils, neutrophils, basophils, lymphocytes, macroph-
ages, monocytes and mast cells. Excess LTA ,, for example
from an activated neutrophil, may enter a cell by a transcel-
lular pathway. Most cells 1n the body have L'TA , hydrolase so
can produce LTB,. Platelets and endothelial cells have LTC,
synthase, so can make 'TC, when presented with I'TA, by a
transcellular pathway.

Arachidonic acid 1s a polyunsaturated fatty acid and 1is
present mainly 1 the membranes of the body’s cells. Upon
presentation of inflammatory stimuli from the exterior of the
cell, calcium 1s released and binds to phospholipase A,
(PLA2) and 5-LO. Cell activation results 1n the translocation
of PLA, and 5-LO tfrom the cytoplasm to the endoplasmic
reticulum and/or nuclear membranes, where 1n the presence
of FLAP, the released arachidonic acid 1s converted via a
5-HPETE intermediate to the epoxide LTA,. Depending on
the cell type, the LTA , may be immediately converted to LTC,,
by the nuclear-bound L'TC, synthase or to LTB, by the action
of cytosolic LTA, hydrolase. LTB, 1s exported from cells by
an as yet uncharacterized transporter and may activate other
cells, or the cell it was made 1n, via high affinity binding to one
of two G protein-coupled receptors (GPCRs), namely BLT,R
or BLT,R. LTC, 1s exported to the blood viathe MRP-1 anion
pump and rapidly converted to LTD., by the action of
y-glutamyl transpeptidase and LTD, and 1s then converted to
LTE, by the action of dipeptidases. LTC,, LTD,, and LTE,,
which are collectively referred to as the cysteinyl leukotrienes
(or previously as slow reacting substance of anaphylaxis,
SRS-A). The cysteinyl leukotrienes activate other cells, or the
cells they are made 1n, via high affinity binding to one of two
GPCRs, namely CysL'T ;R or CysLT,R. CysLT, receptors are
found in the human airway eosinophils, neutrophils, mac-
rophages, mast cells, B-lymphocytes and smooth muscle and
induce bronchoconstriction. Zhu et al., Am. J. Respir. Cell
Mol Biol. Epub. Aug. 25, 2005. CysLT, receptors are located
in human airway eosinophils, macrophages, mast cells the
human pulmonary vasculature (Figueroa et al., Clin. Exp
Allergy 33:1380-1388; 2003).

S-Lipoxygenase-activating protein has been shown to form
two distinct multimeric complexes that regulate the formation
of leukotrienes in RBL-2H3 cells; Mandal et al, PNAS, 101,
6587-6592 (2004). The first complex 1s the formation of
homodimers or homotrimers of 3-lipoxygenase-activating,
protein, the second 1s the formation of heterodimers or het-
crotrimers mvolving 5-lipoxygenase-activating protein and
LTC, synthase. The tight association of LTC, synthase with
S-lipoxygenase-activating protein and the low expression
level of LTC, synthase implies that all the L'TC, synthase 1s
tied up 1n the heteromultimers with S-lipoxygenase-activat-
ing protein. The formation of LTC,, 1s likely regulated through
the heterodimer or heterotrimer while the homodimer or
homotrimer of 5-lipoxygenase-activating protein regulates
the generation of L'TA, that 1s then available for the conver-
sion to LTB,. Inhibition of 5-lipoxygenase results in the com-
plete downstream inhibition of the formation of leukotrienes.
In contrast, the existence of different multimeric complexes
of 5-lipoxygenase-activating protein ofiers the possibility of
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differentially regulating the inhibition of the production of
LTB, or the cysteinyl leukotrienes LTC,, LTD, and LTE,
through the preparation of 5-lipoxygenase-activating protein
inhibitors selective for each multimeric complex.
Involvement of Leukotrienes in Diseases or Conditions

The involvement of leukotrienes 1n disease 1s described in
detail 1n the literature. See e.g., Busse, Clin. Exp. Allergy
26:868-79, 1996; O’Byrne, Chest 111(Supp. 2): 27S-345,
1977, Shettell, E. D., et al., Headache, 40:158-163, 2000;
Klickstemn et al., J. Clin. Invest., 66:1166-1170, 1950; David-
son et al., Ann. Rheum. Dis., 42:677-679, 1983. Leukotrienes
produce marked inflammatory responses in human skin. Evi-
dence for the involvement of leukotrienes 1n a human disease
1s found 1n psoriasis, 1n which leukotrienes have been
detected 1n psoriatic lesions (Kragballe et al., Arch. Derma-
tol., 119:548-552, 1983).

For example, inflammatory responses have been suggested
to reflect three types of changes in the local blood vessels. The
primary change 1s an increase 1n vascular diameter, which
results 1n an increase in local blood flow and leads to an
increased temperature, redness and a reduction 1n the velocity
of blood flow, especially along the surfaces of small blood
vessels. The second change 1s the activation of endothelial
cells lining the blood vessel to express adhesion molecules
that promote the binding of circulating leukocytes. The com-
bination of slowed blood flow and induced adhesion mol-
ecules allows leukocytes to attach to the endothelium and
migrate into the tissues, a process known as extravasation.
These changes are mnitiated by cytokines and leukotrienes
produced by activated macrophages. Once inflammation has
begun, the first cells attracted to the site of infection are
generally neutrophils. They are followed by monocytes,
which differentiate into more tissue macrophages. In the lat-
ter stages of inflammation, other leukocytes, such as eosino-
phils and lymphocytes also enter the infected site. The third
major change in the local blood vessels 1s an increase in
vascular permeability. Instead of being tightly joimned
together, the endothelial cells lining the blood vessel walls
become separated, leading to exit of fluid and proteins from
the blood and their local accumulation 1n the tissue. (See
Janeway, et al., Immunobiology: the immune system in health
and disease, Sth ed., Garland Publishing, New York, 2001).

L'TB, produces relatively weak contractions of 1solated
trachea and lung parenchyma, and these contractions are
blocked 1n part by mhibitors of cyclooxygenase, suggesting,
that the contraction are secondary to the release of prostag-
landins. However, LI B, has been shown to be a potent
chemotactic agent for eosinophils and progenitors of mast
cells; and the LTB, receptor BL'I'1-/- knockout mouse 1s
protected from eosinophilic imnflammation and T-cell medi-

ated allergic airrway hyperreactivity. (Miyahara et al., J.
Immunol. 174:4979-4'784; Weller et al J Exp Med 201:1961 -

1971 (2003)).

Leukotrienes C, and D, are potent smooth muscle contrac-
tile agents, promoting bronchoconstriction 1n a variety of
species, including humans (Dahlen et al., Nature, 288:484-
486, 1980). These compounds have profound hemodynamic
elfects, constricting coronary blood vessels, and resulting in a
reduction of cardiac output efficiency (Marone et al., 1n Bio/-
ogy of Leukotrienes,ed. By R. Leviand R. D. Krell, Ann. New
York Acad. Sci1. 524:321-333, 1988). Leukotrlenes also act as
vasoconstrictors, however, marked differences exist for dif-
terent vascular beds. There are reports suggesting that leu-
kotrienes contribute to cardiac reperfusion injury following,
myocardial ischemia (Barst and Mullane, Fur. J. Pharmacol.,
114: 383-387, 1985; Sasaki et al., Cardiovasc. Res., 22: 142-
148, 1988). LTC, and LTD,, directly increase vascular perme-
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ability probably by promoting retraction of capillary endot-
helial cells via activation of the CysLT, receptor and possibly
other as yet undefined CysLT receptors [Lotzer et al Arterio-
scler Thromb Vasc Biol 23: €32-36. (2003)]. LTB,_ enhances
atherosclerotic progression in two atherosclerotic mouse
models, namely low density receptor lipoprotein receptor
defictent (LDLr-/-) and apolipoprotein E-deficient
(ApoE—/-) mice (Aiello et al., Arterioscler Thromb Vase Biol
22:443-449 (2002); Subbarao et al., Arterioscler Thromb
Vasc Biol 24:369-3775 (2004); Heller et al Circulation 112:
578-386(2005). LTB, has also been shown to increase human
monocyte chemoattractant protein (MCP-1) a known
enhancer of atherosclerotic progression (Huang et al Arterio-
scler Thromb Vasc Biol 24:1783-1'788, 2004).

The role of 3-lipoxygenase 1n the leukotriene synthesis
pathway 1s significant because 5-lipoxygenase 1n concert
with S-lipoxygenase-activating protein performs the first step
in the pathway for the synthesis of leukotrienes. Therefore,
the leukotriene synthesis pathway provides a number of tar-
gets for compounds useful 1n the treatment of leukotriene-
dependent or leukotriene mediated diseases or conditions,
including, by way of example, vascular and inflammatory
disorders, proliferative diseases, and non-cancerous disor-
ders.

Leukotriene-dependent or leukotriene mediated condi-
tions treated using the methods, compounds, pharmaceutical
compositions and medicaments described herein, include, but
are not limited to, bone diseases and disorder, cardiovascular
diseases and disorders, inflammatory diseases and disorders,
dermatological dlseases and disorders, ocular diseases and
disorders, cancer and other proliferative diseases and disor-
ders, respiratory diseases and disorders, such as, for example,
asthma, and non-cancerous disorders.

Treatment Options

Leukotrienes are known to contribute to the inflammation
of the airrways of patients with asthma. CysLT, receptor
antagonists such as montelukast (Singulair®) have been
shown to be ellicacious 1n asthma and allergic rhinitis [Reiss
et al. Arch Intern Med 158:1213-1220 (1998); Phullip et al.
Clin. Exp Allergy 32:1020-1028 (2002)]. CysLT,R antago-
nists pranlukast (Onon) and zafirlukast (Accolate®) have also
been shown to be efficacious 1n asthma.

Several ihibitors of 5-lipoxygenase have been described:
Zytlo® (zileuton; approved by the FDA for the prevention
and treatment of asthma, Israel et al. Ann Intern Med 119:
1059-1066); ZD2138 (6-[(3-fluoro-5-[4-methoxy-3,4,5,6-
tetrahydro-2H-pyran-4-yl])phenoxy-methyl]-1-methyl-2-
quinolone), which has shown efficacy 1n inhibiting the fall of
FEV1 resulting from aspirin-induced asthma (Nasser et al,

Thorax, 49, 749-736, 1994), CJ-13,610 (Mano et al, Chem.
Pharm. Bull., 53, 965-973, 2005); ABT-761 (atreleuton;
Stewart et al, J. Med. Ckem.;, 1997, 40, 1955-1968); AZD-
4407 [5-((4-((25,4R)-tetrahydro-4-hydroxy-2-methyl-2H-
pyran-4-yl)thiophen-2-yl)sulfanyl)-1-methylindolin-2-one]
(European Patent EP 623614); L.-739,010 ([1S,5R]-3-cyano-
1-(3-furyl)-6-{6-[3-(3-hydroxy-6,8-dioxabicyclo[3.2.1]oc-
tanyl)]pyridin-2-yl-methoxyl }naphthalene) (Hamel et al, J.
Med. Chem., 40, 2866-28735, 1997); Wy-50,295 ((5)-2-(2-
((quinolin-2-yl)methoxy naphthalen-7-yl)propanoate
tromethamine) (Musser and Kreft, Drugs of the Future, 15,
73-80, 1990) and TMK®68S8 (Tohda et al, Clin. Exp. Allergy,
2’7, 110-118, 1997). See also Young, Fur. J. Med. Chem., 34,
671-685, 1999 and Werz Expert Opin. Ther. Patents, 13,
505-319, 2005. Several ihibitors of 5-lipoxygenase-activat-
ing protein have also been described: MK886 (2-((1-(4-chlo-
robenzyl)-3-(tert-butylthio)-3-1sopropyl-1H-1ndol-2-y1)me-
thyl)-2-methylpropanoic acid) (Gillard et al, Can. J. Physiol.
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Pharmacol., 67, 456-464, 1989); MK591 (2-((5-((quinolin-
2-yl)methoxy)-1-(4-chlorobenzyl )-3-(tert-butylthio)-1H-1n-
dol-2-yl)methyl)-2-methylpropanoic acid) (Brideau et al,
Can. J. Physiol. Pharmacol.); BAY X1005 ((R)-2-(4-
((quinolin-2-yl)methoxy)phenyl)-2-cyclopentylacetic  acid)
(Fruchtmann et al, Agents Action, 38, 188-193, 1993); VML-
530 (Abt-080; Kolasa et al, J. Med. Chem., 43 3322-3334,
2000); and ETH615 (Kirstein et al, Pharm. Toxscol 68, 125-
130, 1991). See also: Musser et al, J. Med. Chem., 35,, 2501 -
2524, 1992: Brooks et al. J. Med. Chem., 1996, Vol. 39, No.
14, 2629-26354; Steinhilber, Curr. Med. Chem. 6(1):71-85,
1999; Riendeau, Bioorg Med Chem Lett., 15(14):3352-5,
20035; Flamand, et al., Mol. Pharmacol. 62(2):250-6, 2002;
Folco, etal., Am. J. Respir. Crit. Care Med. 161(2Pt2):S112-
6, 2000; Hakonarson, JAMA, 293(18):2245-56, 2005).

S-Lipoxygenase inhibition will decrease L TB, from mono-
cytes, neutrophils and other cells involved 1n vascular inflam-
mation and thereby decrease atherosclerotic progression. The
FLAP inhibitor MK-886 has been shown to decrease the
post-angioplasty vasoconstrictive response in a porcine
carotid injury model. Provost et al., Brit. J. Pharmacol. 123:
251-258 (1998). MK-886 has also been shown to suppress
femoral artery intimal hyperplasia in a rat photochemical
model of endothelial mnjury. Kondo et al. Thromb. Haemost.
79:635-639 (1998). The 5-lipoxygenase inhibitor zileuton
has been shown to reduce renal 1schemia 1n a mouse model.
Nimesh et al., Mol. Pharm. 66:220-2277 (2004).

Leukotriene pathway modulators have been used for the
treatment of a variety of diseases or conditions, including, by
way of example only, (1) inflammation (see e.g. Leff AR et al.,
Ann. Allevgy Asthma Immunol., 2001, 86 (Suppl. 1) 4-8; Ric-
cion1 G, etal., Ann. Clin. Lab Sci. 2004,34(4): 379-870); (11)
respiratory diseases including asthma, adult respiratory dis-
tress syndrome and allergic (extrinsic) asthma, non-allergic
(intrinsic) asthma, acute severe asthma, chronic asthma, clini-
cal asthma, nocturnal asthma, allergen-induced asthma, aspi-
rin-sensitive asthma, exercise-induced asthma, 1socapnic
hyperventilation, child-onset asthma, adult-onset asthma,
cough-variant asthma, occupational asthma, steroid-resistant
asthma, seasonal asthma (see e.g. Riccioni et al., Ann. Clin.
Lab. Sci.,v34,379-387 (2004)), (111) chronic obstructive pul-
monary disease, including chronic bronchitis or emphysema,
pulmonary hypertension, interstitial lung fibrosis and/or air-
way intflammation and cystic fibrosis (see e.g. Kostikas K et
al., Chest 2004; 127:1553-9); (1v) increased mucosal secre-
tion and/or edema 1n a disease or condition (see e€.g. Shahab,
R., etal.,J Laryngol. Otol., 2004; 118; 500-7); (v) vasocon-
striction, atherosclerosis and 1ts sequelae, myocardial
ischemia, myocardial infarction, aortic aneurysm, vasculitis
and stroke (see e.g. Jala et al., Trends in Immunol., v25,
315-322 (2004) and Mehrabian et al., Curr. Opin. Lipidol.,
v14,44°7-4577 (2003)); (v1) reducing organ reperfusion ijury
following organ 1schemia and/or endotoxic shock (see e.g.
Matsui N et al., Planta Med. 2005 August; 71(8):717-20);
(vi1) reducing the constriction of blood vessels (see e.g.
Stanke-Labesque F et al., Br J Pharmacol. 2003 September;
140(1): 186-94); (vin1) lowering or preventing an increase 1n
blood pressure (see e.g. Stanke-Labesque F et al, Br J Phar-
macol. 2003 September; 140(1):186-94, and Walch L, et al.
Br J Pharmacol. 2002 December; 137(8):1339-43); (1x) pre-
venting eosinophil and/or basophil and/or dendritic cell and/
or neutrophil and/or monocyte recruitment (see e.g. Miyahara
N, et al. Immunol. 2005 Apr. 15; 174(8):4979-84); (x) abnor-
mal bone remodeling, loss or gain, including osteopenia,
osteoporosis, Paget’s disease, cancer and other diseases (see
¢.g. Anderson G 1, et al., Biomed Mater Res. 2001; 58(4):406-

140; (x1) ocular inflammation and allergic conjunctivitis, ver-
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nal keratoconjunctivitis, and papillary conjunctivitis (see e.g.
Lambiase et al., Arch. Opthalmol., v121, 615-620 (2003));
(x11) CNS disorders, including, but are not limited to, multiple
sclerosis, Parkinson’s disease, Alzheimer’s disease, stroke,
cerebral 1schemia, retinal 1schemia, post-surgical cognitive

dysfunction, migraine (see e.g. de Souza Carvalho D, et al.
Headache, 2002, November-December; 42(10): 1044-7;

Sheftell F, et al., Headache, 2000, February; 40(2): 158-63);
(xi11) peripheral neuropathy/neuropathic pain, spinal cord
mjury (see e.g. Akpek E A, etal., Spine, 1999, Jan. 15, 24(2):
128-32), cerebral edema and head injury; (x1v) cancer,
including, but 1s not limited to, pancreatic cancer and other
solid or hematological tumors, (see e.g. Poil and Balazy,
Curr. Drug Targets Inflamm. Allergy, v3, 19-33 (2004) and
Steele et al., Cancer Epidemiology & Prevention, v8, 467-
483 (1999); (xv) endotoxic shock and septic shock (see e.g.
Leite M S, et al., Shock. 2005 February; 23(2): 173-8); (xv1)
rheumatoid arthritis and osteoarthritis (see e.g. Alten R, et al.,
Ann. Rheum. Dis. 2004 February; 63(2): 170-6); (xv11) pre-
venting increased G diseases, including, by way of example
only, chronic gastritis, eosinophilic gastroenteritis, and gas-
tric motor dysfunction, (see e.g. Gyomber et al., J Gastroen-
terol Hepatol., v11,922-927 (1996); Quack I et al., BMC
Gastroenterol v18,24 (2003); Cuzzocrea S, et al., Lab Invest.
2005 June; 85(6):808-22); (xvin) kidney diseases, including,
by way of example only, glomerulonephritis, cyclosporine

nephrotoxicity renal ischemia reperfusion. (see e.g. Guasch
et al Kidney Int., v36, 261-2677; Butterly et al., v 57, 2586-

2593 (2000); Guasch A et al., Kidney Int. 1999; 56:261-7;
Butterly D W et al., Kidney Int. 2000; 57:2586-93); (x1x)
preventing or treating acute or chronic renal insuificiency (see
¢.g. Maccarrone M, et al., J Am Soc Nephrol. 1999; 10:1991 -
6); (xx) type II diabetes (see e.g. Valdivielso I M, et al., J.
Nephrol. 2003, 16(1):85-94; Parlapiano C, et al., Diabetes
Res. Clin. Pract., 1999, October, 46(1): 43-5); (xx1) diminish
the mflammatory aspects of acute infections within one or
more solid organs or tissues such as the kidney with acute
pyelonephritis (see e.g. Tarditf M, et al., Antimicrob. Agents
Chemother., 1994, July, 38(7): 1555-60); (xx11) preventing or
treating acute or chronic disorders involving recruitment or
activation of eosinophils (see e.g. Quack 1, et al., BMC Gas-
troenterol., 2005; 5:24); (xx111) preventing or treating acute or
chronic erosive disease or motor dysfunction of the gas-
trointestinal tract caused by non-steroidal anti-inflammatory
drugs (including selective or non-selective cyclooxygenase-1
or -2 inhibitors) (see e¢.g. Marusova I B, et al., Eksp. Klin.
Farmakol., 2002, 65:16-8 and Gyomber E, et al., J. Gastro-
enterol. Hepatol., 1996, 11, 922-7;, Martin St et al., Eur. J.
(Grastroenterol. Hepatol., 2005, 17: 983-6); (xx1v) treatment
of metabolic syndromes, including, by way of example only,
Familial Mediterranean Fever (see e.g. Bentancur A G, et al.,
Clin. Exp. Rheumatol., 2004, July-August, 22(4 Suppl. 34):
S56-8; and (xxv) treat hepatorenal syndrome [see e.g. Capella
G L., Prostaglandins Leukot. Essent. Fatty Acids. 2003 April;
68(4): 263-5].
Identification of Leukotriene Synthesis Pathway Inhibitors
The development and testing of novel 5-lipoxygenase
inhibitors, which are effective either alone or in combination
with other drugs, and which result 1n minimal negative side
cifects would be beneficial for treating leukotriene-depen-
dent or leukotriene mediated diseases, disorders, or condi-
tions. Inhibitors of the leukotriene synthesis pathway
described herein may target any step of the pathway to pre-
vent or reduce the formation of leukotrienes. Such leukot-
riene synthesis inhibitors can, by way of example, inhibit at
the level of 3-lipoxygenase, or 3-lipoxygenase-activating
protein, thus minimizing the formation of various products in
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the leukotriene pathway, thereby decreasing the amounts of
such compounds available 1n the cell. Leukotriene synthesis
inhibitors can be 1dentified based on their ability to bind to
proteins 1n the leukotriene synthesis pathway. For example,
S-lipoxygenase imnhibitors can be 1dentified based on the nhi-
bition of formation of the intermediate product S-HPETE/5-
HETE in cytosol fractions or purified 5-lipoxygenase, with
product measured by HPLC or spectrophotometry, or by the
inhibition of LT B, production from stimulated human leuko-
cytes or by the mnhibition of LTB,, production from stimulated
human blood (with product LTB_, measured in both cases by
LTB, specific ELISA.
Compounds

Described herein are compounds that inhibit the activity of
S-lipoxygenase. Also described herein are pharmaceutically
acceptable salts, pharmaceutically acceptable N-oxides,
pharmaceutically active metabolites and pharmaceutically
acceptable prodrugs of such compounds. Pharmaceutical
compositions that include at least one such compound or a
pharmaceutically acceptable salt, pharmaceutically accept-
able N-oxide, pharmaceutically active metabolite or pharma-
ceutically acceptable prodrug of such compound are pro-
vided.

In one aspect, provided herein are compounds of Formula
(I). Formula (I) 1s as follows:

A-LL7 Formula (I)
wherein A 1s:
(A)
Gs- -G’
GO j}3, wherein: the
/ ‘ "*-.G'J,'
JG?

—

represents a variable point of attachment to the benzo ring;

cach ------ 1s independently a single bond, a double bond or
an aromatic bond;
G' is N or CR" when the bond ------ joining G' to G~

represents a double bond or an aromatic bond, or G* is O,
S, NR? or C(R"),, when the bond ------ joining G' to G*

represents a single bond;
G* is N or CR' when the bond ------ joining G' to G°

represents a double bond or an aromatic bond, or G is O,
S, NR” or C(R"), when the bond ------ joining G' to G*
represents a single bond;

G is N or CR" when either of the bonds ------ connecting
G~ to its adjacent ring atoms represents a double bond or

an aromatic bond, or G° is O, S, NR” or C(R"), when

cach of the bonds ------ connecting G to its adjacent ring,
atoms represents a single bond;
G™*is N or CR' when either of the bonds ------ connecting

G™ to its adjacent ring atoms represents a double bond or
an aromatic bond, or G* is O, S, NR”* or C(R"), when

cach of the bonds ------ connecting G* to its adjacent ring,
atoms represents a single bond;
G is N or CR' when either of the bonds ------ connecting

G” to its adjacent ring atoms represents a double bond or
an aromatic bond, or G° is O, S, NR* or C(R"), when

cach of the bonds ------ connecting G” to its adjacent ring
atoms represents a single bond;
G° is C when any of the bonds ------ connecting G° to its

three adjacent ring atoms represents a double bond or an
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aromatic bond, or G° is N when each of the bonds ------
connecting G° to its three adjacent ring atoms represents
a single bond;

G’ is C when any of the bonds ------ connecting G’ to its
three adjacent ring atoms represents a double bond or an
aromatic bond, or G’ is N when each of the bonds ------
connecting G’ to its three adjacent ring atoms represents
a single bond;

wherein A can contain from 1 to 5 heteroatoms selected
from N, O, or S, provided that at least one heteroatom 1s
N;

each R*' is independently H, halide, —CN, —NO,, —OH,
or an optionally substituted group selected from
C,-Caalkyl,  C,-C.luoroalkyl,  C,-C,cycloalkyl,
C,-Cgqalkenyl, C,-C.alkynyl, C,-C.fluoroalkoxy; or
—OR?, —SR?, —S(=0)R’, —S(=0),R>, —C(=0)
R®, —C(=0)OR’, —CH(R?),, —N(R”),, —C(—O)N
(R?),, —NHC(=—0)R">, or —C(OH)(R?>),, where each
R? is independently H, or an optionally substituted
group selected from C,-C.alkyl, C,-C.alkenyl,
C,-Cqalkynyl, C,-Cicycloalkyl, phenyl, benzyl, thienyl,
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl or
pyrimidinyl; or

R'is Q'-Q” where Q' is aryl, monocyclic heterocycloalkyl,
monocyclic heteroaryl, bicyclic heteroaryl; and Q* is H,
halide, —CN, —NO,, C,-C.alkyl, C,-C.alkoxy,
—OR”?, —SR?, —S(=0)R’, —S(=0),R>, —C(=0)
R —C(_O)OR3 —CH(R?),, —N(R”),, or —C(=0)
N(R3 ),, where each R” is independently H, or an option-
ally substituted group selected from C,-Cgalkyl,
C,-Cgalkenyl, C,-C.alkynyl, C,-C,cycloalkyl, phenyl,
benzyl, thienyl, furanyl, thiazolyl, pyridyl, oxazolyl,
oxadiazolyl, thiadiazolyl, imidazolyl, triazolyl, tetra-
zolyl, pyridonyl or pyrimidinyl; or

two R' groups attached to the same carbon atom taken
together can form a carbonyl (C=—=0); or

two R' groups can together form an optionally substituted
4-, 5-, 6-, or 7-membered monocyclic ring containing 0,
1 or 2 heteroatoms selected from among S and O;

each R” is independently H, or an optionally substituted
group selected from C,-C.alkyl, C,-Cfluoroalkyl,

C;-Cgeycloalkyl, C,-C.alkenyl, C, Cﬁalkynyl aryl,

monocychc heterocycloalkyl monocychc heteroaryl,

bicyclic heteroaryl; or —C(=0)R>, C(=0)OR>, —CH

(R?), or —C(—O)N(R?),, where each R’ is indepen-

dently H, or an optionally substituted group selected

from C,-Cgqalkyl, C,-Cgalkenyl, C,-C.alkynyl,

C,-Cgeycloalkyl, phenyl, benzyl, thienyl, furanyl, thia-

zolyl, pyridyl, oxazolyl, oxadiazolyl, thiadiazolyl, 1mi-

dazolyl, triazolyl, tetrazolyl, pyridonyl or pyrimidinyl;

L' is (CHRY), X'(CHR®*) wherein

cach n 1s independently O, 1, 2, or 3;

X"'is abond, O, S, S(=0), S(=0),, or NR”;

each R™ is independently H, or an optionally substituted
group selected from C,-C.alkyl, C,-C,cycloalkyl,
C,-Cqiluoroalkyl, C,-C.alkenyl, C,-C alkynyl, phe-
nyl, benzyl; or L*-X*-1.°>-X> where .* is a bond, or an
optionally substituted group selected from C,-C,
alkyl, C,-C alkenyl, C,-C, alkynyl, aryl, C,-C, , het-
erocycloalkyl or C,-C, cycloalkyl; X*is a bond, O, S,
S(=0), S(=0),,NH, C(=0O)NH, or NHC(=0); L.>
1s a bond, C,-C, alkyl, C;-Cqcycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and X° is —OH, —CN,
—NO,, halide, —CO.H, —CO,R"°, —C(_O)RID
—CONR"),, — ,{C(_O)Rlﬂ, —C(OH)(RlD)Z,,
tetrazolyl, —C(—O)NHSO,R"’, —CH(OH)CF;,
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—_COCF,,

—SO,NHC(=O)R', or —N(R"),,

where each R'" is independently H, or an optionally

substituted group

C,-Cgfluoroalkyl, C,

selected from C,-C.alkyl,

-Cqalkenyl, C,-C.alkynyl,

C,-Cyeycloalkyl, phenyl, or benzyl;
R> is H, or an optionally substituted group selected from

C,-Cgalkyl,

R’ is [.°-X°-1.7-X° where

C;-Cqeycloalkyl,
C,-Cqalkenyl, C,-Calkynyl, phenyl, benzyl

C,-Cqtluoroalkyl,
, Or

L° is an optionally substituted group selected from

C,-C, alkyl,

C;-Cgeycloalkyl;
X>isabond, O, S, S(—0),

NHC(=0);

Cz'Cm

heterocycloalkyl  or

3(=—0),, NH, C(=0)NH, or

.7 is a bond, C,-C, alkyl, C,-Cgcycloalkyl, phenyl,

X7 15 —OH, —CN,

pyridyl, thiazolyl, or thienyl; and
6 .

—NO,, halide, —CO,H,

— CO,R', —C(=O0O)R'®, —C(OH)R'?),, tetra-

zolyl,
—COCF,,

—C(=0)NHSO,R",
—SO,NHC(=O0)R'°, or —N(R!),,

— CH(OH)CF,,

where each R'° is independently H, or an optionally

substituted group

C,-Cgfluoroalkyl, C,

selected 1from C,-C,alkyl,

-Cgqalkenyl, C,-C.alkynyl,

C,-Cgqcycloalkyl, phenyl, or benzyl;
7 is [*-1.3-CR° R’.R® wherein
[~ is an optionally substituted group selected from ary],
monocyclic heteroaryl and bicyclic heteroaryl;

[°> is a bond, C(=0),

—CH(OH)—, —CH(lower

alkoxy)-, —=N-lower alkyl, or —=N—O-lower alkyl;
R® and R’ are independently selected from H, or an

optionally
C,-Cshaloalkyl,

substituted  group
C,-Cgalkyl,

selected from
C;-Cqeycloalkyl,

C,-Cgalkenyl, C,-Calkynyl, phenyl, benzyl, thiaz-
olyl, C,-Csalkoxy, or C,-C thioalkoxy; or
C,-C.alkyl-X*, wherein X* is —CO,H, —CO,R"",
—C(=0)R'", —C(OH)(R'H,, C,-C.alkoxy, tetra-
zolyl, —OH, halide, —CN, —NO,, —SR',
—S(=0O)R"", —S(=0),R"'", —NR"'""),, —CON
(R'Y),, —NHC(=—O)R"', —C(—O)NHSO.R",
—CH(OH)CF,, —COCF,, or —SO_NHC(=0)R"",
where each R'' is independently H, or an optionally
substituted group selected from C,-Cgalkyl,
C,-Cqfluoroalkyl, C,-Cgalkenyl, C,-C.alkynyl,
C;-Cgqceycloalkyl, phenyl, or benzyl;

or R® and R’ can together form an optionally substituted
3-, 6-, or 7-membered monocyclic ring containing 1
or 2 heteroatoms selected from S and O;

or R® and R’ can together form an optionally substituted
bicyclo[3.2,1]ring containing 1 or 2 heteroatoms
selected from S and O

or R® and R’ can together form an optionally substituted
bicyclic heteroaryl ring contaiming 1 or 2 heteroatoms
selected from S, N and O; or

R° and R’ can together form a carbonyl (C=0);

R® is H, —OH, —CONH,, tetrazolyl, —CN, —N,
C,-Cqalkyl, C,-C.alkenyl, —CF;, or —CO,H; or an
optionally  substituted group selected {from
C,-Cfluoroalkoxy, C,-Cycycloalkoxy, —OR",
—CONR"),, —CO,—R"*, —SR"*, —S(=0)R"?,
S(=0),R ", C(=O0)R"*, C(OH)(R'?),, —N(R"),,
NHC(=O)R"*, —OC(=0)R'?, benzyl, and phenyl;
where each R' is independently H, or an optionally
substituted group selected from C,-Cgqalkyl,
C,-Cqfluoroalkyl, C,-Cgalkenyl, C,-C.alkynyl,
C,-Cgqceycloalkyl, phenyl, or benzyl; or
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R® and R® can together form an optionally substituted
C,-Cheterocycloalkyl having 1 or 2 O atoms 1n the
ring;

R” is H, halide, —CN, —NO,, —OH, or an optionally
substituted group selected from C,-C.alkyl,
C;-Cqeycloalkyl, C,-Cdluoroalkyl, C,-C.alkenyl,
C,-Cqalkynyl, C,-C alkoxy, phenyl, benzyl; or

R” is L°-X’-L°-X® where
[.® is a bond, or an optionally substituted group selected

trom C,-C alkyl, C,-C. alkenyl, C,-C alkynyl, aryl,
C,-C, heterocycloalkyl or C;-C, cycloalkyl;

X’ isabond, O, S, S(=0), S(=0),, NH, C(=0O)NH, or
NHC(=0);

[.” is a bond, C,-C, alkyl, C,-C, cycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and

X® is H, —OH, —CN, —NO,, halide, —CO,H,

—Cole 6: —C(:O)Rl 6: 4C(OH)(R1 6)2:
— C(—=0)N[R'%),, —NHC(—O)R'S, tetrazolyl,
—C(O)NHSO,R'®, —CH(OH)CF,, —COCF,,

— SO, NHC(=0O)R'®, or —N(R'®),, where each R"'®
1s independently H, or an optionally substituted group
selected from C,-Cgalkyl, C,-Cgalkenyl,
C,-Cqalkynyl, C,-Cgcycloalkyl, phenyl, benzyl, thie-
nyl, furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl,
thiadiazolyl, imidazolyl, triazolyl, tetrazolyl, pyrido-
nyl or pyrimidinyl;
or a pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically
acceptable solvate thereof.

For any and all of the embodiments, substituents are
selected from among a list of alternatives. For example, 1n one
embodiment, G* is C—0 and G* is NR~”. In other embodi-
ments, G~ is CR' and G' is N. In some other embodiments, G’
is CR' and G*is N. In yet other embodiments, each of G* and
G' is independently CR".

In further or alternative embodiments, G° is N and G’ is C.
In other embodiments, G’ is N and G° is C. In further or
alternative embodiments, G° is N. In further or alternative
embodiments, G” is N. In further or alternative embodiments,
G> is CR'. In some other embodiments, G is C—0. In yet
other embodiments, G° is O. In other embodiments, G’ is S. In
some embodiments, G is C(R"),.

In some embodiments, G' is N or CR* when the bond ------
joining G' to G* represents a double bond or an aromatic
bond, or G is NR” or C(R"), when the bond ------ joining G*
to G* represents a single bond; G* is N or CR' when the
bond joining G' to G* represents a double bond or an
aromatic bond, or G* is NR* or C(R"), when the bond
joining G' to G represents a single bond; G” is N or CR'
when either of the bonds connecting G to its adjacent
ring atoms represents a double bond or an aromatic bond, or
G~ is NR” or C(R"), when each of the bonds connecting
G- to its adjacent ring atoms represents a single bond; G*is N
or CR' when either of the bonds connecting G* to its
adjacent ring atoms represents a double bond or an aromatic
bond, or G* is NR” or C(R"), when each of the bonds
connecting G* to its adjacent ring atoms represents a single
bond; G° is N or CR! when either of the bonds connect-
ing G” to its adjacent ring atoms represents a double bond or
an aromatic bond, or G° is NR* or C(R"), when each of the
bonds connecting G to its adjacent ring atoms repre-
sents a single bond; G°® is C when any of the bonds
connecting G° to its three adjacent ring atoms represents a
double bond or an aromatic bond, or G° is N when each of the
bonds connecting G° to its three adjacent ring atoms
represents a single bond; G’ is C when any of the bonds
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connecting G’ to its three adjacent ring atoms represents a
double bond or an aromatic bond, or G’ is N when each of the
bonds connecting G’ to its three adjacent ring atoms
represents a single bond.

In other embodiments, G is N or CR* when the bond ------
joining G' to G” represents a double bond or an aromatic
bond, or G* is NR* or C(R"), when the bond ------ joining G*
to G” represents a single bond; G* is N or CR" when the
bond ------ joining G' to G* represents a double bond or an
aromatic bond, or G* is NR”* or C(R"), when the bond
joining G' to G” represents a single bond; G~ is N or CR" and
the bond ------ connecting G° to G’ represents a double bond
or an aromatic bond, and the bond ------ connecting G to G*
represents a single bond; G* is N or CR' when the bond ------
connecting G* to G represents a double bond or an aromatic
bond, or G*is NR* or C(R"), when the bond ------ connecting
G" to G° represents a single bond; G” is N or CR" when the
bond ------ connecting G to G” represents a double bond or an
aromatic bond, or G is NR* or C(R'), when the bond
connecting G to G* represents a single bond; G° is N and
cach of the bonds connecting G° to its three adjacent
ring atoms represents a single bond; and G’ is C and the
bond ------ connecting G’ to G” represents a double bond or an
aromatic bond.

In some other embodiments, G* is N or CR' and the
bond ------ joining G' to G* represents a double bond or an
aromatic bond; G* is CR' and the bond ------ joining G' to G~
represents a double bond or an aromatic bond; G is N or CR'
and the bond connecting G to G’ represents a double
bond or an aromatic bond, and the bond ------ connecting G~
to G* represents a single bond; G* is N or CR"' when the
bond ------ connecting G” to G represents a double bond or an
aromatic bond, or G* is NR* or C(R"), when the bond
connecting G* to G represents a single bond; G is N or CR"
when the bond ------ connecting G” to G* represents a double
bond or an aromatic bond, or G° is NR” or C(R"), when the
bond connecting G to G* represents a single bond; G°
1s N and each of the bonds connecting G° to its three
adjacent ring atoms represents a single bond; and G’ is C and
the bond ------ connecting G’ to G° represents a double bond
or an aromatic bond.

In yet other embodiments, G' is N or CR' and the
bond ------ joining G* to G” represents a double bond or an
aromatic bond; G* is CR' and the bond ------ joining G' to G~
represents a double bond or an aromatic bond; G° is N and the
bond ------ connecting G to G’ represents a double bond or an
aromatic bond, and the bond connecting G° to G* rep-
resents a single bond; G* is N or CR" when the bond
connecting G* to G” represents a double bond or an aromatic
bond, or G*is NR” or C(R"), when the bond ------ connecting
G* to G represents a single bond; G” is N or CR" when the
bond ------ connecting G to G* represents a double bond or an
aromatic bond, or G° is NR”* or C(R"), when the bond
connecting G° to G* represents a single bond; G° is N and
cach of the bonds connecting G° to its three adjacent
ring atoms represents a single bond; and G’ is C and the
bond ------ connecting G’ to G represents a double bond or an
aromatic bond.

In some embodiments, G* is N or CR' and the bond
joining G' to G~ represents a double bond or an aromatic
bond; G*is CR' andthebond ------ joining G' to G* represents
a double bond or an aromatic bond; G° is CR' and the
bond ------ connecting G~ to G’ represents a double bond or an
aromatic bond, and the bond connecting G> to G* rep-
resents a single bond; G* is N or CR' when the bond
connecting G* to G” represents a double bond or an aromatic

bond, or G* is NR” or C(R'), when the bond ------ connecting
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G* to G” represents a single bond; G” is N or CR" when the
bond ------ connecting G° to G* represents a double bond or an
aromatic bond, or G is NR” or C(R"), when the bond
connecting G° to G represents a single bond; G° is N and
cach of the bonds connecting G° to its three adjacent
ring atoms represents a single bond; and G’ is C and the
bond ------ connecting G’ to G represents a double bond or an
aromatic bond.

In other embodiments, G* is N or CR' and the bond
joining G' to G represents a double bond; G* is CR" and the
bond ------ joining G' to G” represents a double bond; G” is N
or CR' and the bond connecting G° to G’ represents a
double bond, and the bond connecting G° to G* repre-
sents a single bond; G* is NR” or C(R'), and the bond
connecting G* to G” represents a single bond; G° is NR” or
C(R"), and the bond connecting G to G* represents a
single bond; G° is N and each of the bonds connecting
G° to its three adjacent ring atoms represents a single bond:;
and G is C and the bond ------ connecting G’ to G represents

a double bond.

In further embodiments, G* is N or CR* and the bond ------
joining G' to G” represents a double bond; G* is CR" and the
bond ------ joining G' to G* represents a double bond; G* is N
or CR" and the bond connecting G° to G’ represents a
double bond, and the bond connecting G to G* repre-
sents a single bond; G* is NR* or C(R'), and the bond
connecting G* to G° represents a single bond; G is C(R"),
and the bond connecting G” to G* represents a single
bond; G°is N and each of the bonds ------ connecting G° to its
three adjacent ring atoms represents a single bond; G’ is C and
the bond ------ connecting G’ to G° represents a double bond.

In some embodiments, G' is N or CR' and the bond
joining G' to G” represents a double bond; G* is CR" and the
bond ------ joining G' to G” represents a double bond; G” is N
and the bond connecting G to G’ represents a double
bond, and the bond connecting G° to G* represents a
single bond; G* is C(R"), and the bond ------ connecting G~ to
G” represents a single bond; G° is C(R"), and the bond ------
connecting G to G* represents a single bond; G° is N and
cach of the bonds connecting G° to its three adjacent
ring atoms represents a single bond; and G’ is C and the
bond connecting G’ to G represents a double bond.

In further embodiments, G' is N or CR' when the
bond ------ joining G* to G represents a double bond or an
aromatic bond; G* is CR' when the bond ------ joining G' to
G~ represents a double bond or an aromatic bond; G” is N or
CR' and the bond connecting G° to G’ represents a
double bond or an aromatic bond, and the bond con-
necting G~ to G represents a single bond; G* is N or CR'
when the bond ------ connecting G* to G” represents a double
bond or an aromatic bond; G° is N or CR* when the bond ------
connecting G to G” represents a double bond or an aromatic
bond; G°is N and each of the bonds ------ connecting G° to its
three adjacent ring atoms represents a single bond; G’ is C and
the bond ------ connecting G’ to G” represents a double bond
or an aromatic bond.

In other embodiments, G' is N or CR' when the bond ------
joining G to G~ represents a double bond or an aromatic
bond; G* is CR" when the bond ------ joining G' to G* repre-
sents a double bond or an aromatic bond; G' is N or CR' and
the bond ------ connecting G° to G’ represents a double bond
or an aromatic bond, and the bond ------ connecting G° to G*
represents a single bond; G* is N and the bond ------ connect-
ing G” to G° represents a double bond or an aromatic bond; G
is N or CR' when the bond ------ connecting G to G” repre-
sents a double bond or an aromatic bond; G° is N and each of
the bonds ------ connecting G° to its three adjacent ring atoms
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represents a single bond; G’ is C and the bond ------ connect-
ing G’ to G represents a double bond or an aromatic bond.

In one embodiment, G* is N or CR' when the bond
joining G* to G~ represents a double bond or an aromatic
bond; G*is CR" when the bond ------ joining G' to G* repre-
sents a double bond or an aromatic bond; G is N or CR' and
the bond ------ connecting G~ to G’ represents a double bond
or an aromatic bond, and the bond ------ connecting G° to G*
represents a single bond; G* is N or CR' and the bond
connecting G* to G” represents a double bond or an aromatic
bond; G is N and the bond ------ connecting G” to G* repre-
sents a double bond or an aromatic bond; G° is N and each of
the bonds ------ connecting G° to its three adjacent ring atoms
represents a single bond; G’ is C and the bond ------ connect-
ing G’ to G represents a double bond or an aromatic bond.

In another embodiment, G' is N or CR' and the bond ------
joining G to G” represents a double bond; G* is CR" and the
bond ------ joining G' to G~ represents a double bond; G is
CR' and the bond connecting G° to G’ represents a
double bond or an aromatic bond, and the bond con-
necting G~ to G* represents a single bond; G* is N and the
bond ------ connecting G” to G represents a double bond; G°
is CR' and the bond connecting G~ to G* represents a
double bond; G° is N and each of the bonds connecting
G° to its three adjacent ring atoms represents a single bond;
G’ is C and the bond connecting G’ to G° represents a
double bond or an aromatic bond.

In some embodiments, G* is N or CR* when the bond ------
joining G* to G~ represents a double bond or an aromatic
bond; G*is CR" when the bond ------ joining G' to G* repre-
sents a double bond or an aromatic bond; G° is N and the
bond ------ connecting G to G’ represents a double bond or an
aromatic bond, and the bond connecting G° to G* rep-
resents a single bond; G* is N and the bond connecting
G™ to G” represents a double bond or an aromatic bond; G is
N or CR" and the bond ------ connecting G to G* represents a
double bond or an aromatic bond; G° is N and each of the
bonds connecting G° to its three adjacent ring atoms
represents a single bond; G’ is C and the bond ------ connect-
ing G’ to G represents a double bond or an aromatic bond.

In other embodiments, G' is N or CR' when the bond ------
joining G' to G* represents a double bond or an aromatic
bond; G is CR" when the bond ------ joining G* to G” repre-
sents a double bond or an aromatic bond; G° is N and the
bond ------ connecting G° to G’ represents a double bond or an
aromatic bond, and the bond connecting G” to G” rep-
resents a single bond; G* is N and the bond connecting
G* to G represents a double bond or an aromatic bond; G° is
N and the bond ------ connecting G to G* represents a double
bond or an aromatic bond; G° is N and each of the bonds ------
connecting G° to its three adjacent ring atoms represents a
single bond; G’ is C and the bond connecting G’ to G°
represents a double bond or an aromatic bond.

In further or alternative embodiments, [ is selected from
among —(CHR*) — —(CHR", O—, —(CHR") S—,
—O(CHR?), —, —S(CHR?*), —, whereinnis 0, 1, 2, or 3. In
a further embodiment, R* is independently H, or an optionally
substituted group selected from among lower alkyl, lower
cycloalkyl, and lower fluoroalkyl; or L*-X*-L.>-X* where L*
1s a bond, or an optionally substituted group selected from
among C,-C, alkyl, C,-C, heterocycloalkyl or
C,-Ccycloalkyl; X* is a bond, O, S, S(O), or S(0O),; L is a
bond, C,-C, alkyl, C,-Cqcycloalkyl, phenyl, pyridyl, thiaz-
olyl, or thienyl; and X° is OH, CN, NO,, halide, CO,H,
CO,R'®, C(=OR", C(OH)R'"),, tetrazolyl, C(=0)
N{SO R”jI CH(OH)CF,, COCF,, SO,NHC(=0O)R', or
N(Rm)z,, where each R*" is independently H, or an optionally
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substituted group selected from among lower alkyl, lower
cycloalkyl, phenyl, and benzyl.

In some embodiments, L.° is an optionally substituted
group selected from among phenyl, thienyl, thiazolyl,
oxazolyl, and pynidyl.

In some embodiments, [° is a bond.

In some embodiments, R® is H, OH, or CONH,, or an
optionally substituted group selected from among lower
alkoxy, lower thioalkoxy, lower fluoroalkoxy, and lower
cycloalkoxy.

In some embodiments, R® and R’ can together form an
optionally substituted 5 or 6 membered monocyclic ring con-
taining 1 or 2 heteroatoms that are O; or R® and R’ can
together form an optionally substituted bicyclic heteroaryl
ring containing 1 or 2 heteroatoms that are O.

In a further aspect, compounds of Formula I have the
structure of Formula (Ia):

RS
Rﬁ < GS‘ '(}14
7 Y2 C'i"?. ,*b3=
R L\ Z T
L' ‘ i

N GIHGZ
wherein L' is selected from —(CHR*) —, —(CHR?*) O—,
—(CHR*,S—, —O(CHR*),— and —S(CHR%) —,

whereinnis 0, 1, 2, or 3; L* is an optionally substituted group
selected from among phenyl, thienyl, thiazolyl, oxazolyl, and
pyridyl; and R® is OH, CO,R>, CONH, or an optionally sub-
stituted lower alkoxyl, lower thioalkoxy, lower cycloalkoxyl,
or lower fluoroalkoxyl; or R® and R® can together form a
substituted or unsubstituted lower heterocycloalkyl having 1
or 2 oxygen atoms in the ring; R” is H, halide, OH, lower
alkoxy, CN, or NO.,.

In some embodiments, G is C—O and G' is NR?. In other
embodiments, G* is CR" and G' is N. In yet other embodi-
ments, G is CR' and G* is N. In some embodiments, each of
G” and G' is independently CR".

In some embodiments, G° is N and G’ is C. In other
embodiments, G’ is N and G° is C.

In some embodlments G~ is N.

In some embodiments, G™ is N.

In another aspect, G> is CR". In a further aspect, G” is N. In
yet another aspect, G° is C=—0. In a further aspect, G° is O. In
another aspect, G is S. In another aspect, G is C(R"),.

In one embodiment, R° and R’ can together form an option-
ally substituted 5 or 6 membered monocyclic ring containing
1 or 2 heteroatoms that are O.

In one embodiment, compounds provided herein have the
structure of Formula (Ib):

Formula (Ib)

R8

-4

R67< ('}5- qt

l' ‘(}3
R7 12 Neo 7
\ / ﬂ-G’J.-'
LI ‘ i
JG?
\ o

In other embodiments, compounds provided herein have
the structure of Formula (Ic):
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Formula (Ic)

RS

el

Rﬁ% ('}5# qt
; N

R7 12 Ne  ~
\ 7~ e

LI— ‘ i

.G?

N o

In another aspect, compounds provided herein have the
structure of Formula (Id):

Formula (Id)
RS R}
4
C=—=0
Rﬁ% ! "“
' N
7 2 N. p
R L\ /\ R
T 1— ‘ i
\/\Gr'Gl

In another aspect, compounds provided herein have the
structure of Formula (Ie):

Formula (Ie)

G- -G*
.l' “ 3
Q Gfi ’,G .
R /\/ T
Rﬁ%/\ N ‘ i
/
R? / ‘ \/\GI*'GZ

X

In a further aspect, compounds provided herein have the
structure of Formula (If):

Formula (If)
G- -G
' G
R® G .
/ --G’J,-'
R57< L!—— i
7 G2
R—f'r ‘ \ Gl" ’
X

In a further aspect, compounds provided herein have the
structure of Formula (Ig):

Formula (Ig)

5. -4
G- -G
f %

%

6 G

In a further aspect, compounds provided herein have the
structure of Formula (Ih) or Formula (I1):
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Formula (Ih)
G- -G
:' “ 3
8 G° , G
R /\/ 7
R® S [I— ‘ i or
G*
T S
N
Formula (I1)
G- -G
6 G,

-.G’J,-’

.S AN
9@

RS%/\ / ) N,
R?

In another aspect, compounds provided herein have the
structure of Formula (I):

Formula (1))
R8
GS- -G*
R® / \
R? L2 N /G3
\ ~
LI— ‘
G2
N o
where,

G' is N or CR' when the bond ------ joining G' to G* repre-
sents a double bond or an aromatic bond, or G' is NR® or
C(R"), when the bond ------ joining G' to G” represents a
single bond;

G~ is N or CR" when the bond ------ joining G' to G repre-
sents a double bond or an aromatic bond, or G* is NR~ or
C(R"), when the bond ------ joining G' to G” represents a
single bond;

G’ is N or CR';

G* is N or CR" when the bond connecting G* to G’
represents a double bond or an aromatic bond, or G* is NR*
or C(R"), when the bond ------ connecting G* to G repre-
sents a single bond;

G> is N or CR" when the bond connecting G° to G*
represents a double bond or an aromatic bond, or G° is NR?
or C(R"), when the bond ------ connecting G to G* repre-
sents a single bond.

In another aspect, compounds provided herein have the
structure of Formula (Ik):

Formula (Ik)
R8
< G- -G’
R® / \G3
7 2 N
R L\ / /
LI ‘
\ Gl/ Rl
where,
G'is N or CR';
G? is N or CR*:

G* is N or CR" when the bond connecting G* to G’
represents a double bond or an aromatic bond, or G* is NR>
or C(RY), when the bond ------ connecting G* to G~ repre-
sents a single bond;
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G” is N or CR' when the bond ------ connecting G° to G* _continued
represents a double bond or an aromatic bond, or G° is NR* (©)
or C(R"), when the bond ------ connecting G” to G* repre- R!
sents a single bond. N
In a further aspect, compounds provided herein have the > \
structure of Formula (I1): F NIN
Formula (II) YA N 0O
RS 10 R” | |
R57< fo‘N R’
R’ 12 N yZanst N (d)
\ / R N=— \
L'— ‘ I\{ N
Vi
N Gl./ o 15 =~ ‘ N4
where PI?;/H N///\RI?
G'is N or CR'; " (e)
G’ is Nor CR".

In one aspect, G° is CR".

In another aspect, compounds provided herein have the
structure Formula (Im):
25

Formula (Im)

RS
: GS.—-—'G4
« / \N 30 .
7 2 N
R L\ Vs YV
LI—— ‘
\ Gl/ Rl
35
where,
G'is N or CR';
G*is NR” or C(RY),;
- (&)
G is C(RY)s,. 40 ol Rl
In one aspect, R® is selected from among OH, CO.R”,
CONH,, optionally substituted C, -Calkoxy, optionally sub- -
stituted C,-Cqthioalkoxy, optionally substituted N / N
C,-Cqcycloalkoxy, and optionally substituted 7
C,-Cgtluoroalkoxy. 45 ‘
: Ny S
In one aspect, A 1s selected from among;: / X N R!
R
(h)
(a)
50
55
(b) (1)
60

65
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-continued -continued
() (@)
NH
: \
AN
\RI.
10
(k)
In one aspect, A has a structure represented by the formula:
15 (2)
Rl
——N
\
F NS
() 20 ‘
DA N
2 R".
Rl
25
In another aspect, A has a structure represented by the
formula:
(m)
10 ol (b)
_——N
\
N o0
F a4
35 - ‘ P
Y N/ N ol
R |
(n)
In some embodiments, A has a structure represented by the
40 formula:
()
Rl
45 %N\
N A N
X —~
N O.
50 o ‘
RZ
In yet other embodiments, A has a structure represented by
the formula:
55
(d)
’ (p) ;q__.-__—.:N\
N A N
% YA NN
R |
and
63

In some embodiments, A has a structure represented by the
formula:
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45 46

() ()
Rl Rl

>,

— N
F ‘ N\)\RJ. % ‘ N Dt
SN T
R ' 10 R

|

‘ In a further aspect, A has a structure represented by the
In yet other embodiments, A has a structure represented by formula:

the formula:

15 (k)
(1) R!
R R N
= BN
N = N R
= ‘ N\/ < ‘ /K
%/x
N O
Rg R2
R 25
In one embodiment, A has a structure represented by the
In some embodiments, A has a structure represented by the formula:
formula:
(1)
(&) 0 N=N
Rl Rl / \N
N
N >
X F R
In another embodiment, A has a structure represented by
In other embodiments, A has a structure represented by the " the formula:
formula:

N o ol (m)

R! RI.
H 45 =

‘ %/x =N
S . 50 R® |
R | R
R2
In some embodiments, A has a structure represented by the
In one aspect, A has a structure represented by the formula: formula:
55
(i) (n)
R! R R!

R R! N
H 60 % \N
‘ x> ‘ N
S ol Z

X
/ X N 9
R R
65 Rl
In another aspect, A has a structure represented by the
formula:
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In yet other embodiments, A has a structure represented by

the formula:

(0)

In yet other embodiments, A has a structure represented by

the formula:

(P)

/\/N Vi

\
%/i*‘/ Rl

RQ

Rl

In yet other embodiments, A has a structure represented by

the formula:

t

(Q)

Any of the combinations of the groups described above for
ne various variables 1s contemplated herein. It 1s understood

t

nat substituents and substitution patterns on the compounds

provided herein can be selected by one of ordinary skill 1n the
art to provide compounds that are chemically stable and that
can be synthesized by techniques known 1n the art, as well as
those set forth herein.

In one aspect, provided herein are compounds that have a

structure represented by Formula (II):

Formula (1I)

wherein:

G'is Nor CR';

G*is N or CR';

each R' is independently H, halide, —CN, —NO.,,, —OH,
—OR’, —SR’, —S(—0O)R’, —S(—0),R>, —C(—0)
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R®, —C(—0)OR’, —CH(R"),, —N(R"),, —NHCH,C
(=O0)OR>?>, —C(=O0)N(R?),, —NHC(=O)R’, or
—C(OH)(R?),, or an optionally substituted group
selected from among C,-C.alkyl, C,-C_fluoroalkyl,
C;-Cqeycloalkyl, C,-C.alkenyl, C,-C.alkynyl, and
C,-Cqtluoroalkoxy; or

R'is Q'-Q® where Q' is aryl, monocyclic heterocycloalkyl,

monocyclic heteroaryl, bicyclic heteroaryl; and Q° is H,
halide, —CN, —NO,, C,-C.alkyl, C,-C alkoxy,
—OR®, —SR’, —S(—0O)R’, —S(—0),R>, —C(—0)
R®, —C(—=0O)OR’,—CH(R?),, —N(R?),, or —C(=0)
N(R3)25

each R” is independently H, or an optionally substituted

group selected from among C,-Calkyl, C,-C alkenyl,
C,-Calkynyl, C;-Cqcycloalkyl, phenyl, benzyl, thienyl,
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl;

L'is —(CHR*) X'(CHR®*) — wherein,

cach n 1s independently O, 1, 2, or 3;

X' is abond, O, S, S(=0), S(=0),, or NR>;

each R* is independently H, or an optionally substituted
group selected from among C,-C.alkyl,

C;-Cgqeycloalkyl, C,-C fluoroalkyl, C,-C.alkenyl,

C,-C.alkynyl, phenyl, and benzyl; or L*-X*-L°-X°

wherein,

[* is a bond, or an optionally substituted group
selected from among C,-C, alkyl, C,-C, alkenyl,
C,-Cgqalkynyl, aryl, C,-C,heterocycloalkyl, and
C,-Cqcycloalkyl;

X*isabond, O, S, S(=0), S(=0),, NH, C(—O)NH,
or NHC(=0);

> is a bond, C,-C, alkyl, C,-C.cycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and

X? is —OH, —CN, —NO,, halide, —CO,H,
—CO,R'"®, —C(=0O)R"’, —CON(R'"),, —NHC
(—=O)R'®, —C(OH)(R'®),, tetrazolyl, —C(—0)

NHSO,R', —CH(OH)CF,, —COCF,,
— SO NHC(—O)R'®, or —N(R""),, where each
R'“ is independently H, or an optionally substituted
group selected from among C,-C.alkyl,
C,-C.Hluoroalkyl, C,-C.alkenyl, C,-C_.alkynyl,
C;-Cgceycloalkyl, phenyl, and benzyl;

R> is H, or an optionally substituted group selected from

among C,-C.alkyl, C,;-Cqcycloalkyl, C,-Cfluoroalkyl,
C,-Cgalkenyl, C,-Calkynyl, phenyl, and benzyl; or

R is [.°-X>-1.7-X° wherein,

[° is an optionally substituted group selected from
among C, -C.alkyl, C,-C, heterocycloalkyl, and
C;-Cgqeycloalkyl;

X isabond, O, S, S(—0), S(=0),, NH, C(—O)NH, or
NHC(=0);

[ is a bond, C,-C, alkyl, C,-C.cycloalkyl, phenyl,

pyridyl, thiazolyl, or thienyl; and

° s —OH, —CN, —NO,, halide, —CO,H,

—CO_R", —C(=0)R", —C(OH)(R'"),, tetra-

zolyl, = —C(=O)NHSO,R'", —CH(OH)CF,,

—COCF,, —SO,NHC(=O)R'®, or —N(R').,

where each R'Y is independently H, or an optionally

substituted group selected from among C,-C.alkyl,

C,-Cgfluoroalkyl, C,-C.alkenyl, C,-C.alkynyl,

C;-Cqeycloalkyl, phenyl, and benzyl;

X

[* is an optionally substituted group selected from among

C,-Cgalkyl, aryl, monocyclic heteroaryl, and bicyclic
heteroary];

R° and R are independently H, or an optionally substituted

group selected from among C,-Cihaloalkyl,
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C,-Cgalkyl, C;-Cqeycloalkyl, C,-Cgalkenyl,

C,-C.alkynyl, phenyl, benzyl, thiazolyl, C,-Calkoxy,

C,-Cthioalkoxy, and C,-Calkyl-X*, wherein,

X* is —CO.H, —CO,R"'', —C(=0O)R"'", —C(OH)
(R'M),, C,-Calkoxy, tetrazolyl, —OH, halide, —CN,
—NO,, —SR'', —S(=0O)R'", —S(=0),R",
—N®R"™),, —CONR""),, —NHC(=O)R"—C
(—=O)NHSO.R'!, —CH(OH)CF,, —COCF,, or
—SO_NHC(=0)R'", where each R'" is indepen-
dently H, or an optionally substituted group selected
from among C,-Cqalkyl, C,-Cluoroalkyl,
C,-Cgalkenyl, C,-C.alkynyl, C,-Cqcycloalkyl, phe-
nyl, and benzyl;

or R° and R’ cantogether form an optionally substituted 5-,

6-, or 7-membered non-aromatic monocyclic ring con-

taining O, 1, or 2 heteroatoms selected from among S and

O

or R® and R’ can together form an optionally substituted
bicyclo[3,2,1]ring contamning 1 or 2 heteroatoms

selected from among S and O;

or R°® and R’ can together form a carbonyl (C=—0); and

R® is H, —OH, —CONH,, tetrazolyl, —CN, —N,,
C,-C.alkyl, C,-C.alkenyl, —CF,, —CO,H, —OR"?,
—CON(R'?),, —CO,—R*?, —SR'?, —S(=0)R"?,

S(=0),R"*, —SO,N(R'?),, C(=O)R™*, C(OH)(R"*),,

— CH=N—O0R"'?, —N(R"*),, NHC(=0O)R"*, —OC

(—O)R"*, or an optionally substituted group selected

from among C,-C tluoroalkoxy, C,-Cgcycloalkoxy,

benzyl, and phenyl; where each R'* is independently H,

or an optionally substituted group selected from among

C,-Cgalkyl, C,-Cqtluoroalkyl, C,-Cgalkenyl,

C,-Cgalkynyl, C;-Cqcycloalkyl, C,-Cgcycloalkylalkyl,

phenyl, and benzyl; or

R® and R® can together form an optionally substituted
C,-Cgheterocycloalkyl having 1 or 2 O atoms 1n the ring;
R” is H, halide, —CN, —NO,, —OH, or an optionally
substituted group selected from among C,-C.alkyl,
C;-Cgqeycloalkyl, C,-Cfluoroalkyl, C,-C.alkenyl,
C,-Cgalkynyl, C,-C.alkoxy, phenyl, and benzyl; or
R” is [.3-X’-1.7-X® where.,

[.*® is a bond, or an optionally substituted group selected
from C,-C alkyl, C,-C alkenyl, C,-C alkynyl, aryl,
C,-C, ;heterocycloalkyl or C;-Cgicycloalkyl;

X’ isabond, O, S, S(=0), S(=0),, NH, C(=0O)NH, or
NHC(=0);

[” is a bond, C,-C, alkyl, C,-C, cycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and

X® is H, —OH, —CN, —NO,, halide, —CO,H,

—CO,R"®, —C(_O)R16 —C(OH)(R'®),,
—C(_O)N(Rlﬁ);z: —NHC(=0)R"®, tetrazolyl,
—C(O)NHSO,R"'®, —CH(OH)CF,, —COCF,,

—SO,NI IC(_O)R”j or —N(R'®),, where each R'°
1S 1ndependently H, or an optionally substituted group
selected from among C,-C.alkyl, C,-C.alkenyl,
C,-C.alkynyl, C3-C8cycloalkyl,, phenyl, benzylj thie-
nyl, furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl,
thiadiazolyl, imidazolyl, triazolyl, tetrazolyl, pyrido-
nyl, and pyrimidinyl;
or a pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically
acceptable solvate thereot
For any and all of the embodiments, substituents can be
selected from among from a subset of the listed alternatives.
For example, in some embodiments, R” is H, halide, —CN,
—NO,, —OH, or an optionally substituted group selected

from among C,-C.alkyl, C,-C fluoroalkyl, and C,-C alkoxy.
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In other embodiments, R” is H, halide, —CN, —OH, or an
optionally substituted group selected from among
C,-C.alkyl, and C,-C.alkoxy. In yet other embodiments, R’
1s H, halide, or an optionally substituted group selected from
among C,-C.alkyl, and C,-C alkoxy. In some other embodi-
ments, R” is H.

In some embodiments, L' is selected from among
—(CHR*» —, —(CHR%») O—, —(CHR%»)S— —O
(CHR™), —, and —S(CHR™),—; n is 0, 1, 2, or 3. In other
embodiments, each R* is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cgcycloalkyl, C,-C fluoroalkyl; or L*-X*-L°-X> where,
[*is a bond, or an optionally substituted group selected from
among C,-C. alkyl, C,-C,, heterocycloalkyl, and C,-C,
cycloalkyl; X* is a bond, O, S, S(=0), or S(—=0),; L’ is a
bond, C,-C, alkyl, C,-C,cycloalkyl, phenyl, pyridyl, thiaz-
olyl, or thienyl; and X~ is OH, CN, NO,, halide, CO,H,
CO,R'®, C(=0O)R'", C(OH)(R"),, tetrazolyl, C(=—0)
N{SO Rm CH(OH)CF,, COCF,, SO, NHC(=0)R'", or
N(Rm) ., where each R'" is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C;-Cqeycloalkyl, phenyl, and benzyl. In some other embodi-
ments, each R* is independently H, or an optionally substi-
tuted group selected from among C,-C.alkyl, and
C,-Cqtluoroalkyl; and n 1s 0, 1, or 2. In yet other embodi-
ments, n is 0 or 1. In some other embodiments, each R* is
independently H, or a C,-C.alkyl. In some other embodi-
ments, R* is H.

In some embodiments, each R is independently H, halide,
—CN, —NO,, —OH, —OR’, —SR’, —S(=0)R’,
—S(=0),R°, —C(=0)R°, —C(=0)OR”>, —CH(R").,
—N(R%),, —NHCH,C(=0)0R>, —C(=0O)N(R").,
—NHC(=0)R?>, or —C(OH)(R?),, or an optionally substi-
tuted group selected from among C,-C.alkyl,
C,-Cfluoroalkyl, C,-Cqeycloalkyl, Cz-Cﬁalkenyl,,
C,-C.alkynyl, and C,-Cfluoroalkoxy; or R" is Q"-Q* where
Q' is aryl, monocyclic heterocycloalkyl, monocyclic het-
eroaryl; and Q° is H, halide, —CN, —NO,,, C,-C_alkyl,
C,-C.alkoxy, —OR’, —SR’>, —S(—0O)R°, —S(—0),R",
—C(=0)R>, —C(=0)OR’?, —CH(R?),, —N(R”),, or
— C(=0)NR?),.

In other embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Chaloalkyl, C,-C.alkyl, C,-Cqcycloalkyl, C,-Calkenyl,
C,-Cgalkynyl, thiazolyl, C,-C,alkoxy, C,-Cthioalkoxy, and
C,-C.alkyl-X*, wherein, X* is —CO,H, —CO,R",
C,-C.alkoxy, tetrazolyl, —OH, —CON(R'"),, where each
R is independently H, or an optionally substituted group
selected from among C,-C.alkyl, and C,-C_fluoroalkyl; or
R® and R’ can together form an optionally substituted 5-, 6-,
or 7-membered monocyclic ring containing 0, 1, or 2 heteroa-
toms selected from among S and O; or R° and R’ can together
form a carbonyl (C=0).

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-C.alkyl, (C;-C4cycloalkyl, and
C,-C.alkyl-X* wherein, X* is —CO,H, —CO.R"'", or
—CON(R"™),, where each R'" is independently H, or an
optionally substituted C,-Calkyl; or R°® and R’ can together
form an optionally substituted 3-, 6-, or 7-membered mono-
cyclic nng containing 0, 1, or 2 heteroatoms selected from S
and O; or R® and R’ can together form a carbonyl (C—=0).

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-Cgalkyl, C;-Cgqcycloalkyl, and
C,-Cqalkyl-X*, wherein, X* is —CO,H, —CO,R"!, or
—CON(R"),, where each R'" is independently H, or an
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optionally substituted C,-C alkyl; or R® and R’ can together
form an optionally substituted 6-membered monocyclic ring

containing 1 O atom; or R°® and R’ can together form a car-
bonyl (C=0).

In some embodiments, R® is H, —OH, —CONH,, tetra-
zolyl, —CN, C,-C.alkyl, C,-Calkenyl, —CF,;, —CO,H,
—QOR"*, —CON(R"?),, —CO,—R"*, —SR"*, —S(=0)
R'?, S(=0),R"*, —SO,N(R"*),, C(=0)R"*, C(OH)(R"*).,
—CH—N—OR"*, —OC(=0)R"*, or an optionally substi-
tuted group selected from among C,-C fluoroalkoxy,
C,-C.cycloalkoxy, benzyl, and phenyl; where each R'” is
independently H, or an optionally substituted group selected
from among C,-C.alkyl, C,-C fluoroalkyl, C;-C.cycloalkyl,
C,-Cqcycloalkylalkyl, phenyl, and benzyl.

In some embodiments, provided herein are compounds that
have a structure selected from among;:

Formula (Ila)

R! R
) —(
R? L2 N / N
Z N\ N\
y \Ll _I\/\‘
R ’
R]
Formula (1Ib)
R R
y H
N
R’ > 12 F AN A
y \Ll {‘\‘
R?V\N/ Rl,
Formula (Ilc)
Rﬁ
R?
R8
R]
Formula (11d)
R]
R ){-—-N\N
R?%LE / /N /
R8 \Ll_l\ ‘

In some embodiments, compounds provided herein have a
structure selected from among:

Formula (Ila)

R! R
) —
R?%Lz N /N
\ © Y
RS Ll_l\ ‘
RN R! and
RY ’
R]
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-continued
Formula (1Ib)
R! R
RS H"
N
7 2 N
R %L\ / /
R8 Ll _k ‘
N S
Rg/ X N RL

In some embodiments, compounds provided herein have a
structure of Formula (IIa):

Formula (1la)

In some embodiments, compounds provided herein have a
structure of Formula (1Ib):

1 Formula (1Ib)
R! R
) \—
y \Ll {‘\‘
RYV\N/ R!

In some embodiments, compounds provided herein have a
structure selected from among:

Formula (1lc)

Rl
Formula (11d)
R]
RS %N\
R’ > L- F /N Vi N
R8 \Ll_/\‘
k/ V\N/ RI

In some embodiments, compounds provided herein have a
structure of Formula (IIc):
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Formula (Ilc)

In some embodiments, compounds provided herein have a
structure of Formula (11d):

1 Formula (1Id)
R
RS }-{'N\
R > N N Y 0
R8 \ | ‘
‘-..

I\ /%/\ N/
RE)

R

In some embodiments, L* is an optionally substituted
group selected from among C,-C.alkyl, phenyl, and a 5- or
6-membered monocyclic heteroaryl. In some other embodi-
ments, L.” is an optionally substituted group selected from
among C,-C.alkyl, phenyl, thienyl, thiazolyl, oxazolyl, fura-
nyl, pyrrolyl, imidazolyl, and pyridyl.

In some embodiments, L° is selected from among
C,-Cgalkyl,

R13
R14\ ‘)\
Hﬁ{\ Gg’?

where, G® is Nor CH; G” is N or CH; and G'° isNR*, O or S;
R* is independently H, —C(—O)R>, C(—=0)OR’, —CH
(R?),, —C(=0)N(R"),, or an optionally substituted group
selected from C,-Cgalkyl, C,-Cqtluoroalkyl,
C,-Cgeycloalkyl, C,-C.alkenyl, C,-C alkynyl, aryl, mono-
cyclic heterocycloalkyl, monocyclic heteroaryl, and bicyclic
heteroaryl; each R is independently H, or an optionally sub-
stituted  group selected from among C,-C.alkyl,
C,-Cgalkenyl, C,-C . alkynyl, C;-Cqcycloalkyl, phenyl, ben-
zyl, thienyl, furanyl, thiazolyl, pyrnidyl, oxazolyl, oxadiazolyl,
thiadiazolyl, imidazolyl, tnazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl; R'®is H, C,-C .alkyl, C,-C.cycloalkyl, aryl, het-
croaryl, C,-C,heterocycloalkyl, —OH, C,-C.alkoxy, ary-
loxy, R"'—S—, R""—S(=0)—, R""—S(=0),—, —CN,
halide, R”C(_O)— R"C(=0)0—, R'NHC(=0)—,
—R”—C(_O)NH— R"S(=0),NH—, R"—NHS
(—=0),—, R"—0OC(=0)NH—, R"—NHC(=0)0—,
—NO,, C,-Chaloalkyl, and —N(R'7),; R'’ is indepen-
dently Selected tfrom among H, C, -C alkyl, C,-Cgcycloalkyl,
aryl, heteroaryl, and C,-C heteroalkyl Rl415 H, C,-C.alkyl,
C;-Cqceycloalkyl, aryl, heteroaryl, C, theterocycloa kyl,
—OH C,-Calkoxy, aryloxy, R'’ S , RV —S(=0)—,
R”—S(:O)2 , —CN, halide, R”’C(—O)— R"C(=0)
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R""—C(—O)NH—, R'’S
(=0),NH—, R'""—NHS(=0),—, R'""—OC(=0O)NH—,
RY—NHC(—0)0—, —NO,, C,-C.haloalkyl, and
—N(R"),; R" is independently selected from among H,
C,-Cqalkyl, C,;-Cgqeycloalkyl, aryl, heteroaryl, and
C,-Ciheteroalkyl.

In some embodiments, [.* is

O—, RYNHC(=O)—,

In some embodiments, G® is CH. In other embodiments, G® is
N.

In some embodiments, [.* is
H—(\fg
GIU

In some embodiments, G” is N; and G'° is O or S. In other
embodiments, G'° is S.

In some embodiments, [.* is an optionally substituted

C,-Cgalkyl.
In some embodiments, L* is selected from among
C,-Cgalkyl,
Rl3
14
R\)\ SN

\

\ R 14
‘ ; ‘ , and
KO YO
a

S

In other embodiments, L* is selected from among,
(i, HC
S J?}ﬂ S

In some other embodiments, [.* is

C
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In some embodiments, L. is selected from among
R13 Rl3
R14 R14
AN 5
: and
/
N
10
In some embodiments, 1% is
R13
R14
15
20
In other embodiments, I.* is
R13
14
R \ 25
/’
N
30

In some embodiments, R is H, C,-C.alkyl, —OH,
C,-C.alkoxy, —CN, or halide; R** is H, C,-C aalkyl, —OH,
C,-Cgalkoxy, —CN, or halide. In some other embodiments,
R™ is H, C,-C.alkyl, C,-C alkoxy, or halide; R'* is H,
C,-Cqalkyl, —OH, C,-C.alkoxy, or halide. In yet other
embodiments, R'® is H, or halide; R is H, —OH,
C,-Cgalkoxy, or halide.

In some embodiments, compounds provided herein have a
structure of Formula (I11):

35

40
Formula (11I)
Rl3 Rl
R =1¢y
AN \N 45
N
RS Gsz"’; \Ll_/\‘ - I
i
& RS I%/V\GJ/ R
R’ 50
wherein:

G®is N or CH;

R is H, C,-C.alkyl, C,-C,cycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C.alkoxy, aryloxy, 55
1{1’7r S :

R"—S(—0)—, R""—S(=0),—, —CN, halide, R''C
(—0)—, R"C(=0)0—,R'"'"NHC(—=0)— R'"—C
(=0O)NH—, R""S(=0),NH—,

R"—NHS(—0),—, R""—OC(=—0)NH—, R’—NHC 60

(=0)0—, —NO,, C,-C_haloalkyl, and —N(R"").,;
R" is independently selected from among H,
C,-Cqalkyl, C,-Cgcycloalkyl, aryl, heteroaryl, and
C,-Cheteroalkyl.
R'* is H, C,-C.alkyl, C,-Cqcycloalkyl, aryl, heteroaryl, 65
C,-C, heterocycloalkyl, —OH, C,-C,alkoxy, aryloxy,
RI7_q ,,

56
R S§(—0)—, R""—S§(—0),—, —CN, halide, R"’C
(—0)—, R C(=0)0—, RNHC(=0)—, R C
(—O)NH—, RV7S(=—0),NH—,

R'7_NHS(—0),—., R—OC(—O)NH_, R
NHC(=0)O—, —NO,, C(C,-Cihaloalkyl, and
—NR""),;

R'” is independently selected from among T,

C,-Cqalkyl, C;-Cgcycloalkyl, aryl, heteroaryl, and
C,-Ciheteroalkyl; or
R® and R"* taken together can form a optionally substituted
5-, or 6-membered ring.
In some embodiments, compounds provided herein have a
structure of Formula (I11a):

Formula (Illa)

R13

N
\‘ AN
N A
o~ 1T
R’ /. Z
7N

In some embodiments, compounds provided herein have a
structure of Formula (I1Ib):

Formula (111b)

R! R’

R 13
RH\ N HN
R® ‘\ o / N 4
>( 8 L ‘
R’ I%/\ Y
¥ G! R

In some embodiments, G®is CH. In other embodiments, G®
1s N.

In some embodiments, G' is CR'. In yet other embodi-
ments, G* is N.

In some embodiments, described herein 1s a compound
having a structure represented by Formula (IIIc):

Formula (I1llc)

R13 Rl
Rl4 /l\ ____,.....G4
\‘ X \N
N A
Rﬁ>‘/\/\L 1_/ ‘ :/L
7
R R8 IQ‘W/%""h Gl/ Rl
R9
wherein:
G'is Nor CR';
G*is Nor CR*;

each R' is independently H, halide, —CN, —NO.,, —OH,
—OR?, —SR?, —S(=0)R’, —S(=0),R>, —C(=0)
R®, —C(=0)OR’, —CH(R?),, —N(R>),, —NHCH,C
(—=0)OR>, —C(=0)NR?),, —NHC(=O0)R>, or
— C(OH)(R?),, or an optionally substituted group
selected from among C,-Cgalkyl, C,-Cfluoroalkyl,
C;-Cqeycloalkyl, C,-C.alkenyl, C,-C.alkynyl, and
C,-Cqtluoroalkoxy; or
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R'is Q'-Q”* where Q' is aryl, monocyclic heterocycloalkyl,
monocyclic heteroaryl, bicyclic heteroaryl; and Q~ is H,
halide, —CN, —NO,, C,-C.alkyl, C,-C,alkoxy,
—OR’, —SR°, —S(—0)R’, —S(=0),R>, —C(—=0)
R?, —C(=0)OR?, —CH(R?),, —N(R?),, or —C(=0)
N(R),;

each R’ is independently H, or an optionally substituted
group selected from among C,-C.alkyl, C,-C.alkenyl,
C,-Cqalkynyl, C,-Cqcycloalkyl, phenyl, benzyl, thienyl,
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl;

L' is —(CHR™), X'(CHR™),— wherein,
cach n 1s independently O, 1, 2, or 3;

X" is abond, O, S, S(=0), S(=0),, or NR>;

each R* is independently H, or an optionally substituted
group  selected from among C,-C.alkyl,
C;-Cqeycloalkyl, C,-Cdluoroalkyl, C,-C.alkenyl,
C,-Cqalkynyl, phenyl, and benzyl; or L*-X*-1L.>-X°
wherein,

[* is a bond, or an optionally substituted group
selected from among C,-C alkyl, C,-C, alkenyl,
C,-Cq alkynyl, aryl, C,-C,  heterocycloalkyl, and
C;-Cqeycloalkyl;

X*isabond, O, S, S(—0), S(=—0),, NH, C(—O)NH,
or NHC(=—0);

> is a bond, C,-C, alkyl, C,-C.cycloalkyl, phenyl,
pyndyl, thiazolyl, or thienyl; and

X® is —OH, —CN, —NO,, halide, —CO,H,
—CO,R"™, —C(—O)RID —CON(RID)Z, —NHC
(_O)RID —C(OH)(RlG)z, tetrazolyl, —C(=0)
NHSO,R", —CH(OH)CF,, —COCF;,
—S0 NHC(_O)ij or —N(R'),, where each
R ' is independently H, or an optionally substituted
group selected from among C,-C.alkyl,
C,-Cqtluoroalkyl, C,-Cqalkenyl, C,-C.alkynyl,
C;-Cqceycloalkyl, phenyl, and benzyl;

R> is H, or an optionally substituted group selected from
among, C,-Cgalkyl, C;-Cqeycloalkyl,
C,-Cgtluoroalkyl, C,-C.alkenyl, C,-C alkynyl, phe-
nyl, and benzyl;

R®and R’ are independently H, or an optionally substituted
group selected from among C,-Chaloalkyl,
C,-Cgalkyl, C;-Cqeycloalkyl, C,-Cgalkenyl,
C,-Cgalkynyl, phenyl, benzyl, thiazolyl, C,-C.alkoxy,
C,-Cthioalkoxy, and C,-Calkyl-X*, wherein,

X* is —CO,H, —CO,R", —C(=0O)R"", —C(OH)
(R'"),, C,-C.alkoxy, tetrazolyl, —OH, halide, —CN,
—NO,, —SR", —S(=0)R'', —S(=0),R",
—N[R"M,, —CONR"M,, —NHC(—O)R"'—C
(—O)NHSO,R'"', —CH(OH)CF,, —COCF,, or
— SO, NHC(=O)R'', where each R'' is indepen-
dently H, or an optionally substituted group selected
from among C,-C.alkyl, C,-Cfluoroalkyl,
C,-Cgqalkenyl, C,-C.alkynyl, C;-Cqcycloalkyl, phe-
nyl, and benzyl;

or R®and R’ can together form an optionally substituted 5-,
6-, or 7-membered non-aromatic monocyclic ring con-
taining 0, 1, or 2 heteroatoms selected from among S and
O;

or R® and R’ can together form an optionally substituted
bicyclo[3,2,1]ring contamning 1 or 2 heteroatoms
selected from among S and O;

or R® and R’ can together form a carbonyl (C—0); and

R® is H, —OH, —CONH,, tetrazolyl, —CN, —N,,
C,-Cgqalkyl, C,-C.alkenyl, —CF,, —CO,H, —OR?,
—CON(R"™),, —CO,—R"*, —SR"*, —S(—O)R'",
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S(=0),R"*,—SO,N(R "), C(=O)R"*, C(OH)(R"*),,

—CH=N—O0R"*, —N(R"?),, NHC(=0)R"*, —OC

(—O)R"?, or an optionally substituted group selected

from among C,-C.fluoroalkoxy, C;-Cgcycloalkoxy,

benzyl, and phenyl; where each R'* is independently H,

or an optionally substituted group selected from among

C,-Cgalkyl, C,-Cgfluoroalkyl, C,-Calkenyl,

C,-Cgalkynyl, C;-Cqcycloalkyl, C,-Cgcycloalkylalkyl,

phenyl, and benzyl;

R® and R® can together form an optionally substituted
C,-Cgheterocycloalkyl having 1 or 2 O atoms in the ring;

R” is H, halide, —CN, —NO,, —OH, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cgeycloalkyl, C,-Cfluoroalkyl, C,-C alkenyl,
C,-Cgalkynyl, C,-C.alkoxy, phenyl, and benzyl;

R"™ is H, C,-C.alkyl, C,-C.cycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C,alkoxy, aryloxy,
R”S—,

RYS(=0)—, R'S(=0),—, —CN, halide, R''C
(—0)—, RYC(=0)0O—, R"NHC(=0)—,
—R"Y —C(=0O)NH—, R""S(=0),NH—,

R"—NHS(—0),—, R'"—OC(=0O)NH—,
NHC(=0)O—, —NO,, C(C,-C,haloalkyl,
—NR"),;

R" is independently selected from among H,
C,-Cqalkyl, C;-Cqeycloalkyl, aryl, heteroaryl, and
C,-Cheteroalkyl.

R™ is H, C,-C.alkyl, C,-C.cycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C.alkoxy, aryloxy,
RIS
R"S(=0)—, R'S(=0),—, —CN, halide, R'’'C

(—0)—, RY'C(=0)0—, R"NHC(—0)—,
—R" —C(=0)NH—, R""S(=0),NH—,

R"—NHS(=0),—, R'"—OC(=0)NH—,
NHC(=0)O—, —NO,, C(C,-C,haloalkyl,
—NR"),;

R'" is independently selected from among H,
C,-Cqalkyl, C;-Cgcycloalkyl, aryl, heteroaryl, and
C,-Ciheteroalkyl; or

R*® and R'* taken together can form an optionally substi-
tuted 5-, or 6-membered ring;

or a pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically
acceptable solvate thereof.

For any and all of the embodiments, substituents can be
selected from among from a subset of the listed alternatives.
For example, in some embodiments, R” is H, halide, —CN,
—NO,, —OH, or an optionally substituted group selected
from among C,-C.alkyl, C,-C fluoroalkyl, and C,-C . alkoxy.
In other embodiments, R” is H.

In some embodiments, L' is selected from among
—(CHRY, —, —(CHR» O—, —(CHR%)S— —O
(CHR™), —, and —S(CHR™), —; each R*is independently H,
or an optionally substituted group selected from among
C,-Cqalkyl, and C,-Cfluoroalkyl; n 1s 0, 1, or 2. In some
other embodiments, each R*is H;nis 0 or 1.

In some embodiments, R*> is H, C,-C.alkyl, —OH,
C,-Cqalkoxy, —CN, halide, or C,-C haloalkyl; R'* is H,
C,-Cgqalkyl, —OH, C,-C.alkoxy, —CN, halide, or
C,-C. haloalkyl; or R® and R'* taken together can form an
optionally substituted 5-, or 6-membered ring.

In some embodiments, each R' is independently H, halide,
—CN, —NO,, —OH, —OR’, —SR®’, —S(—O)R",
—S(—0),R°>, —C(—=0)R’, —C(—=0)OR>, —CH(R").,
—N(R?,, —NHCH,C(=0)OR?, —C(=0)NR?).,
— NHC(=—O0)R”, or —C(OH)(R?),, or an optionally substi-

Rl 7_
and

Rl 7_
and
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tuted group selected from among C,-Cgalkyl,
C,-Cgfluoroalkyl, C,-Cqeycloalkyl, C,-Cialkenyl,
C,-Calkynyl, and C,-C fluoroalkoxy; or R' is Q'-Q* where
Q' is aryl, monocyclic heterocycloalkyl, monocyclic het-
eroaryl; and Q° is H, halide, —CN, —NO,, C,-C .alkyl,
C,-C.alkoxy, —OR’, —SR’, —S(—0O)R°, —S(—0),R",
—C(=0)R°>, —C(=0)OR’>, —CH(R?),, —N(R”),, or
—C(=0)N(R?)..

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cihaloalkyl, C,-Calkyl, C,-Cqcycloalkyl, C,-C . alkenyl,
C,-Cgqalkynyl, thiazolyl, C,-C alkoxy, C,-Cthioalkoxy, and
C,-C.alkyl-X*, wherein, X* is —CO,H, —CO,R",
C,-C.alkoxy, tetrazolyl, —OH, —CON(R'"),, where each
R'! is independently H, or an optionally substituted group
selected from among C,-C.alkyl, and C,-Cfluoroalkyl; or
R°® and R’ can together form an optionally substituted 5-, 6-,
or 7-membered monocyclic ring contaiming O, 1, or 2 heteroa-
toms selected from among S and O; or R® and R’ can together
form a carbonyl (C=0).

In yet other embodiments, R°® and R’ are independently H,
or an optionally substituted group selected from among
C,-Cihaloalkyl, C,-C.alkyl, C;-Cgicycloalkyl, C,-Calkenyl,
and C,-Calkyl-X*, wherein, X* is —CO,H, —CO,R"", or
—CON(R"™),, where each R'" is independently H, or an
optionally substituted C,-Calkyl; or R® and R’ can together
form an optionally substituted 6-membered monocyclic ring
containing 0 or 1 O atoms; or R® and R’ can together form a
carbonyl (C=0).

In some embodiments, R® is H, —OH, —CONH.,, tetra-
zolyl, —CN, C,-C.alkyl, C,-C.alkenyl, —CF,, —CO,H,
—OR?*, —CON(R?),, —CO,—R* —SR?*, —S(=0)R",
S(=0),R* —SO,NR?),, C(=O)R" COH)(R*),
— CH=N—O0R"?, or —OC(=0)R"'?*; where each R'* is
independently H, or an optionally substituted group selected
from among C,-C.alkyl, C,-C fluoroalkyl, C;-Cg.cycloalkyl,
C,-Cqcycloalkylalkyl, phenyl, and benzyl.

In some embodiments, G* is CR". In yet other embodi-
ments, G* is N.

In some embodiments, G* is CR'. In some other embodi-
ments, G is N.

In some embodiments, compounds provided herein have a
structure of Formula (IV):

Formula (IV)
Rl
—=G"
7 i_{\ ‘Gg >/ \N
R N
N
RS GIGJ\ 1 _/\‘
I%/‘\\/\Gl’ﬁ”\ Rl

wherein:

G’ is N or CH; and

G'°is NR*, QorS;

R” is independently H, —C(—=0O)R>, C(—=0)OR’, —CH
(R?),, —C(=0O)N(R?),, or an optionally substituted
group selected from C,-Cqalkyl, C,-C.fluoroalkyl,
C,-Cgeycloalkyl, C,-Cgalkenyl, C,-C.alkynyl, aryl,
monocyclic heterocycloalkyl, monocyclic heteroaryl,
and bicyclic heteroaryl;

R> is independently H, or an optionally substituted group
selected from among C,-C.alkyl, C,-C,alkenyl,
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C,-Calkynyl, C;-Cqcycloalkyl, phenyl, benzyl, thienyl,
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl.
In some embodiments, G” is N; and G'° is O or S. In other
embodiments, G'° is S.

In some embodiments, compounds provided herein have a
structure of Formula (V):

Formula (V)

]

R13 R
14 ______N
PP
Ll—:
i
& RS I\/ / Gl/ Rl
RQ
wherein:
G'is Nor CR';
each R' is independently H, halide, —CN, —NO,, —OH,
—OR>, —SR’, —S(=0)R’, —S(=0),R’, —C(=0)
R®, —C(—0)OR’, —CH(R"),, —N(R"),, —NHCH,C
(—=0)OR>, —C(=0)NR?),, —NHC(=O0O)R>, or
—C(OH)(R?),, or an optionally substituted group
selected from among C,-Cgalkyl, C,-Cfluoroalkyl,
C,-Cgeycloalkyl, C,-Cgalkenyl, C,-C.alkynyl, and
C,-Cqtluoroalkoxy; or
R'is Q'-Q” where Q' is aryl, monocyclic heterocycloalkyl,
monocyclic heteroaryl, bicyclic heteroaryl; and Q~ is H,
halide, —CN, —NO,, C,-C.alkyl, C,-C.alkoxy,
—OR®, —SR’, —S(—0O)R’, —S(—0),R>, —C(—0)
R?, —C(=0)OR>, —CH(R?),, —N(R?),, or —C(=0)
N(R?),:
each R” is independently H, or an optionally substituted
group selected from among C,-C.alkyl, C,-C alkenyl,
C,-Calkynyl, C;-Cqcycloalkyl, phenyl, benzyl, thienyl,
furanyl, thiazolyl, pyridyl, oxazolyl, oxadiazolyl, thia-
diazolyl, imidazolyl, triazolyl, tetrazolyl, pyridonyl, and
pyrimidinyl;
L'is —(CHR*), X'(CHR*) — wherein,
cach n 1s independently O, 1, 2, or 3;
X"is abond, O, S, S(=0), S(=0),, or NR”;
each R* is independently H, or an optionally substituted
group selected from among C,-C.alkyl,
C;-Cqeycloalkyl, C,-C fluoroalkyl, C,-C.alkenyl,
C,-C.alkynyl, phenyl, and benzyl; or L*-X*-L°-X°
wherein,
L* is a bond, or an optionally substituted group
selected from among C,-C, alkyl, C,-C, alkenyl,
C,-C, alkynyl, aryl, C,-C,heterocycloalkyl, and
C,-Cgeycloalkyl;
X*isabond, O, S, S(=0), S(=0),, NH, C(—O)NH,
or NHC(=—0);
> is a bond, C,-C, alkyl, C,-C, cycloalkyl, phenyl,
pyridyl, thiazolyl, or thienyl; and
X? is —OH, —CN, —NO,, halide, —CO,H,
—CO,R", —C(=0O)R'®, —CON(R'"),, —NHC
(=O)R'®, —C(OH)(R'?),, tetrazolyl, —C(=0)
NHSO,R ', —CH(OH)CF,, —COCF,,
— SO NHC(—O)R'®, or —N(R""),, where each
R ' is independently H, or an optionally substituted
group selected from among C,-Cgalkyl,
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C,-Cluoroalkyl, C,-Cg.alkenyl, C,-C.alkynyl,
C,-Cqeycloalkyl, phenyl, and benzyl;

R> is H, or an optionally substituted group selected from
among C, -Calkyl, C;-Cgqcycloalkyl, C,-Cfluoroalkyl,
C,-C.alkenyl, C,-C alkynyl, phenyl, and benzy];

R® and R’ are independently H, or an optionally substituted
group selected from among C,-C haloalkyl,
C,-Cgalkyl, C,-Cyeycloalkyl, C,-C.alkenyl,
C,-Cgalkynyl, phenyl, benzyl, thiazolyl, C,-C alkoxy,
C,-Cthioalkoxy, and C,-C.alkyl-X*, wherein,

X* is —CO,H, —CO,R", —C(=0O)R"", —C(OH)
(R'Y),, C,-C .alkoxy, tetrazolyl, —OH, halide, —CN,
—NO,, —SR"', —S(=O)R'', —S(=0),R",
—N®R"™),, —CONR"'"),, —NHC(=O)R"'—C
(—=O)NHSO,R"', —CH(OH)CF,, —COCF,, or
— SO, NHC(—O)R'", where each R'" is indepen-
dently H, or an optionally substituted group selected
from among C,-Cqalkyl, C,-Cluoroalkyl,
C,-Cgqalkenyl, C,-C.alkynyl, C;-Cqcycloalkyl, phe-
nyl, and benzyl;

or R®and R’ can together form an optionally substituted 5-,
6-, or 7-membered non-aromatic monocyclic ring con-
taining O, 1, or 2 heteroatoms selected from among S and
O;

or R°® and R’ can together form an optionally substituted
bicyclo[3,2,1]ring contamning 1 or 2 heteroatoms
selected from among S and O;

or R® and R’ can together form a carbonyl (C=—0); and

R® is H, —OH, —CONH.,, tetrazolyl, —CN, —N,,
C,-C.alkyl, C,-C.lkenyl, —CF,, —CO,H, —OR"'~,
—CON(R"™),, —CO,—R"*, —SR"*, —S(=0)R'",
S(=0),R"*, —SO,N(R'?),, C(=O)R"*, C(OH)(R %),
—N(R"),, NHC(=0O)R"'?>, —OC(=0O)R"*, or an
optionally substituted group selected from among
C,-Cqtluoroalkoxy, C,-Cgcycloalkoxy, benzyl, and phe-
nyl; where each R"* is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cgfluoroalkyl, C,-Calkenyl, C,-Calkynyl,
C;-Cqeycloalkyl, C,-Cgcycloalkylalkyl, phenyl, and
benzyl; or

R® and R® can together form an optionally substituted
C,-Cgheterocycloalkyl having 1 or 2 O atoms 1n the ring;

R” is H, halide, —CN, —NO,, —OH, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cgeycloalkyl, C,-C.fluoroalkyl, C,-C.alkenyl,
C,-Cgalkynyl, C,-C. alkoxy, phenyl, and benzyl;

R'® is H, C,-C.alkyl, C,-C,cycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C.alkoxy, aryloxy,
R""—S— R'""—S(=0)—, R""—S(=0),—, —CN,
halide, R'"C(=0)—, R'C(=0)0—, R'NHC
(—=0)—, —R""—C(—0O)NH—,

RYS(=0),NH—, R”—NHS(_O)2 , RY—OC
(—O)NH—, R"—NHC(=—0)0O—, —NO,,
C,-C haloalkyl, and —N(R'"),;

R" is independently selected from among H,
C,-Cqalkyl, C,-Cgeycloalkyl, aryl, heteroaryl, and
C,-Ciheteroalkyl.

R'* is H, C,-Calkyl, C,-Cqcycloalkyl, aryl, heteroaryl,
C,-C, heterocycloalkyl, —OH, C,-C.alkoxy, aryloxy,
R""—S— R'"—S(=0)—, R'""—S(=0),—, —CN,
halide, R'"C(=0)—, R'C(=0)0—, R'NHC
(—=0)—, —R""—C(—0O)NH—,

R"S(—0),NH—, R”—NHS(_O)2 ., R'—OC
(—O)NH—, RY—NHC(=0)0O—, —NO,,
C,-C haloalkyl, and —N(R"'").;
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R" is independently selected from among H,
C,-Cqalkyl, C,-Cgcycloalkyl, aryl, heteroaryl, and
C,-Ciheteroalkyl; or

R® and R** taken together can form a optionally substituted

5-, or 6-membered ring;

or a pharmaceutically acceptable salt, pharmaceutically

acceptable N-oxide, pharmaceutically active metabo-

lite, pharmaceutically acceptable prodrug, or pharma-
ceutically acceptable solvate thereof.

For any and all of the embodiments, substituents can be
selected from among from a subset of the listed alternatives.
For example, in some embodiments, G* is CR'. In other
embodiments, G is N.

In some embodiments, R” is H, halide, —CN, —NO,,
—OH, or an optionally substituted group selected from
among C, -C.alkyl, C,-C fluoroalkyl, and C,-C. alkoxy. In
SOME other embodlments R9 1s H, halide, —CN —OH, ora
C,-C.alkyl. In some other embodiments, R” is H.

In some embodiments, R'® is H, C,-Csalkyl, —OH,
C,-Cqalkoxy, —CN, halide, R”C(:O)O—, RY—NHC
(=0)O—, or C,-C haloalkyl; R'” is independently selected
from among H, and C,-C.alkyl; R'* is H, C,-C .alkyl, —OH,
C,-C.alkoxy, —CN, halide, R"’"C(=0)0—, R"—NHC
(—0)YO—, or C,-Chaloalkyl; R'” is independently selected
from among H, and C,-C .alkyl; or R® and R'* taken together
can form a optionally substituted 5-, Or 6-membered ring.

In other embodiments, R** is H, C,-C.alkyl, —OH, or
halide; R' is H, C,-C.alkyl, —OH, or halide.

In some other embodiments, R'° is H, or halide; R** is H,
—OH, or halide; or R® and R'* taken together can form a
optionally substituted 5-, or 6-membered ring.

In some embodiments, L' is selected from among
—(CHR*, —, —(CHR"»),O0—, —(CHR"»,S— —O
(CHR™, —, and —S(CHR™),—; n is 0, 1, 2, or 3. In other
embodiments, each R* is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Ccycloalkyl, C,-Cfluoroalkyl; or L*-X*-L°-X> where,
L*is a bond, or an optionally substituted group selected from
among C,-C. alkyl, C,-C,, heterocycloalkyl, and
C,-C.cycloalkyl; X* is a bond, O, S, S(=0), or S(=0),; Ls
1s a bond, C,-C, alkyl, C;-C, cycloalkyl, phenyl, pyridyl,
thiazolyl, or thienyl; and X° is OH, CN, NO,, halide, CO,H,
CO,R'®, C(=0O)R'", C(OH)(R"),, tetrazolyl, C(=—0)
NiSO Rm CH(OH)CF,, COCF,, SO.NHC(—O)R", or
N(Rm) ., where each R'" is independently H, or an optionally
substituted group selected from among C,-C.alkyl,
C,-Cqcycloalkyl, phenyl, and benzyl. In other embodiments,,
each R* is independently H, or an optionally substituted
group selected from among C,-C.alkyl, and
C,-Cqtluoroalkyl; andn 1s O; 1, or 2. In some embodiments, n
is 0 or 1. In some other embodiments, R*is H; and nis Q or 1.

In some embodiments, each R' is independently H, halide,
—CN, —NO,, —OH, —OR’, —SR°’, —S(=0)R",
—S(=0),R°>, —C(=0)R’, —C(=0)OR>, —CH(R").,
—N(R%),, —NHCH,C(=0)OR>, —C(=0O)N(R>).,
—NHC(=0)R?>, or —C(OH)(R?>),, or an optionally substi-
tuted group selected from among C,-Cgalkyl,
C,-Cqfluoroalkyl, C;-Cqeycloalkyl, Cz-Cﬁalkenyl,
C,-C.alkynyl, and C,-C fluoroalkoxy; or R' is Q'-Q* where
Q' is aryl, monocyclic heterocycloalkyl, monocyclic het-
eroaryl; and Q° is H, halide, —CN, —NO,, C,-C .alkyl,
C,-Cqalkoxy, —OR>, —SR®, —S(=0)R>, —S(=0),R",
—C(=0)R>, —C(=0)OR’?, —CH(R?),, —N(R”),, or
—C(=0O)NR?),.

In some embodiments, R® and R’ are independently H, or
an optionally substituted group selected from among

C,-Cihaloalkyl, C,-C.alkyl, C;-Cqcycloalkyl, C,-Calkenyl,
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C,-Cgqalkynyl, thiazolyl, C,-C.alkoxy, C,-Cthioalkoxy, and
C,-C.alkyl-X®*, wherein, X* is —CO,H, —CO,R",
C,-Calkoxy, tetrazolyl, —OH, —CON(R""),, where each
R is independently H, or an optionally substituted group
selected from among C,-C.alkyl, and C,-C_fluoroalkyl; or
R® and R’ can together form an optionally substituted 5-, 6-,
or 7-membered monocyclic ring contaiming 0, 1, or 2 heteroa-
toms selected from among S and O; or R® and R’ can together
form a carbonyl (C—0). In other embodiments, R° and R are
independently H, or an optionally substituted group selected
from among C,-C haloalkyl, C,-C.alkyl, C,-Cgcycloalkyl,
and C,-Calkyl-X*, wherein, X* is —CO,H, —CO,R"", or
—CON(R"),, where each R'" is independently H, or an
optionally substituted C,-C alkyl; or R® and R’ can together
form an optionally substituted 3-, 6-, or 7-membered mono-
cyclic ring containing O, 1, or 2 heteroatoms selected from S
and O; or R° and R’ can together form a carbonyl (C=0).

In some embodiments, R°® and R’ are independently H, or
an optionally substituted group selected from among
C,-Cshaloalkyl, C,-Cgqalkyl, C;-Cqcycloalkyl, and
C,-C.alkyl-X* wherein, X* is —CO.H, —CO.R"'", or
—CON(R"™),, where each R'" is independently H, or an

optionally substituted C,-C.alkyl; or R® and R’ can together
form an optionally substituted 6-membered monocyclic ring
containing 0 or 1 O atoms; or R® and R’ can together form a
carbonyl (C=0).

In some embodiments, R® is H, —OH, —CONIL,,, tetra-
zolyl, —CN, C,-C.alkyl, C,-Cgalkenyl, —CF,, —CO,H,
—OR", —CON(R"?),, —CO,—R"*"*, —SR"*, —S(=0)
R, S(=0),R"*, —SO,N(R"?),, C(=0)R"*, C(OH)(R"*),,
—CH=N—OR"*, —OC(=0)R'?, or an optionally substi-
tuted group selected from among C,-C fluoroalkoxy,
C,-Cqcycloalkoxy, benzyl, and phenyl; where each R'” is
independently H, or an optionally substituted group selected
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from among C,-C.alkyl, C,-C [fluoroalkyl, C;-Cscycloalkyl,
C,-Cqcycloalkylalkyl, phenyl, and benzyl.
In some embodiments, compounds provided herein have a
structure of Formula (VI):

Forrmula (VI)
R R! R!
R 14 \ ______<
N[\/ )
RS T X
RT}@ H/’Hﬂ Gfﬁ\ﬁw.

In some embodiments, G* is CR". In yet other embodi-
ments, G* is N.

Any of the combinations of the groups described above for
the various variables 1s contemplated herein. It 1s understood
that substituents and substitution patterns on the compounds
provided herein can be selected by one of ordinary skill in the
art to provide compounds that are chemically stable and that
can be synthesized by techniques known 1n the art, as well as
those set forth herein.

Any of the combinations of the groups described above for
the various variables 1s contemplated herein. It 1s understood
that substituents and substitution patterns on the compounds
provided herein can be selected by one of ordinary skill in the
art to provide compounds that are chemically stable and that
can be synthesized by techniques known in the art, as well as
those set forth herein.

Further embodiments of compounds described herein,

include, but are not limited to, compounds shown 1n FIGS.
1-5 and 1n Tables 1-11.

TABL.

L1

1

Imidazo[1,2-a]quinoline

R13

H
F
F
F
F
F
F
F
H
H
H
H
H
H
H
F
F
F
F
F

Compound # RS
OMe
OMe

CO,Me

CO,H
CONH,
OH
CO,Me
CO,Me
OH
OMe
CONH,
CN
CN
CN
CN
CN
CN
CN
CN
CN

e R
LND o0 =] Oy L B o b

S T
0 ND 20 =~ Oy A P b = D

L b L b b
L L r r
1 1 1 1 1 1
t‘\. } L b b
L r r

R G° L' G' M+H
H Cc 7-CH,O C 389
H C 7-OCH, C 407
H C 7-OCH, C 435
H C 7-OCH, C 421
H C 7-OCH, C 420
H C 7-OCH, C 393
1-Bromo C 7-OCH, C 513
1-Phenyl C 7-OCH, C 511
H C 7-S C 377
H C 7-S C 391
H C 7-S C 404
2-Methyl C 7-S C 400
H C 7-S C 386
1-Methyl C 7-S C 400
1-(1-Methyl-1H-Pyrazol-4-yl) C 7-S C 466
H C 7-S C 404
1-Bromo C 7-8 C 482
1-Phenyl C 7-S C 480
2-Phenyl C 7-S C 480
2-Carboxylic Acid Ethyl Ester C 7-S C 478
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TABLE 1-continued

Imidazo[l.2-a]quinoline

Compound # RS R R! G® L G!' M+H
1-21 CN g 2-Carboxylic Acid C 7-S C 448
1-22 CN H H N 7-S C 387
1-23 CONH, H H N 7-S C 405
1-24 OMe g H C 7-S N 410
1-25 OMe g H C 8OCH, C 407
1-26 CO,Me g 5-Chloro C 8O0OCH, C 469
1-27 CONH, g 5-Chloro C 8OCH, C 454
1-28 CO,H g 5-Methylsulfanyl C &OCH, C 467
1-29 CONH, g 5-Methylsulfanyl C 8O0OCH, C 466
1-30 CO,Me b 5-Phenyl C 8O0OCH, C 511
1-31 CO->H g 5-Cyclopentylsulfanyl C 8O0OCH, C 521
1-32 CONH, b 5-Cyclopentylsulfanyl C &-OCH, C 520
1-33 CO,Me g 5-Bromo C 8O0OCH, C 514
1-34 CO->H b 5-Bromo C 8O0OCH, C 499
1-35 CONH, g 5-Bromo C 8O0OCH, C 499
1-36 CONH, b 5-Phenyl C 8OCH, C 496
1-37 CONH, g 5-Pyridin-3-yl C 8O0OCH, C 497
1-38 CONH, g 5-(3-Methoxyphenyl) C 8OCH, C 526
1-39 CONH, g 5-(1H-Pyrazol-4-yl) C 8O0OCH, C 486
1-40 CONH, g 5-(1-Methyl-1H-Pyrazol-4-yl) C &OCH, C 500
1-41 CONH, b 5-Pyridin-4-yl C 8O0OCH, C 497
1-42 CONH, g 5-(3-Methylphenyl) C 8O0OCH, C 510
1-43 CONH, b 5-(4-Aminophenyl) C 8O0OCH, C 511
1-44 CONH, g 5-(4-Fluorophenyl) C &OCH, C 514
1-45 CONH, g 5-(2-Methoxyphenyl) C &-OCH, C 526
1-46 CONH, g 5-(4-Methoxyphenyl) C &-O0OCH, C 526
1-47 CONH, b 5-Pyrimidin-3-yl C 8O0OCH, C 498
1-48 CONH, g 5-(4-Methoxypyridin-3-yl) C &-OCH, C 527
1-49 CONH, g 5-(6-Methoxypyridin-3-yl) C 8OCH, C 527
1-50 CN H 5-Phenyl C 8-S C 462
1-51 CONH, H 5-Phenyl C 8-S C 480
1-52 CN H 2-Carboxylic Acid Ethyl Ester, 5-Chloro C 8-S C 492
1-53 CN H 2-Carboxylic Acid, 5-Chloro C 8-S C 464
1-54 CN H 2-Carboxamide, 5-Chloro C 8-S C 463
1-55 CN H 2-Chloro, 5-Phenyl C 8-S C 496
1-56 OH H 5-Phenyl C 8-S C 453
1-57 CN H 5-Methyl C 8-S C 400
1-58 OH H 2-Chloro, 5-Phenyl C 8-S C 487
1-59 CN H 5-Isopropyl C 8- C 428
1-60 OH H 5-Isopropyl C 8- C 419
1-61 CN H 2-Carboxylic Acid Ethyl Ester, 5-Phenyl C 8-S C 534
1-62 CN H 2-Carboxylic Acid, 5-Phenyl C 8-S C 506
1-63 CO,Me H 5-Phenyl C 8-S C 495
1-64 CO-H H 5-Phenyl C 8-S C 481
1-65 OH H 2-Chioro, 5-Isopropyl C 8-S C 453
1-66 OH H 2-Carboxylic Acid, 5-Isopropyl C 8-S C 463
1-67 OH H 2-Carboxylic Acid, 5-Phenyl C 8-S C 497
1-68 CONH, H 5-Methyl C 8-S C 418
1-69 CONH, H 5-Isopropyl C 8-5 C 446
1-70 CN H 2-Cyano, 5-Chloro C 8-S C 445
1-71 CN H 2-Chloro, 5-Isopropyl C 8-S C 462
1-72 OH H 2-Cyano, 5-Isopropyl C 8- C 444
1-73 OH H 2-Cyano, 5-Phenyl C 8-S C 478
1-74 CONH, H 2-Chloro, 5-Isopropyl C 8-S C 480
1-75 OH H 2-Hydroxymethyl, 5-Phenyl C 8-S C 483
1-76 OH H 2-(2-Hydroxyprop-2-yl), 5-Phenyl C 8-S C 511
1-77 OH H 2-Hydroxymethyl, 5-Methyl C 8-S C 421
1-78 OH H 2-(2-Hydroxyprop-2-yl), 5-Methyl C 8-S C 449
1-79 OH H 2-Carboxylic Acid, 5-Methyl C 8-S C 435
1-80 OH H 2-Fluoromethyl, 5-Phenyl C 8-S C 485
1-81 OH H 2+CH-,OC(O)CH,CH-,CO-H), 5-Phenyl C 8-S C 583
1-82 OH H 2-Carboxylic Acid Ethyl Ester, 5-Phenyl C 8-S C 525
1-83 OH H 2-Fthanone, 5-Phenyl C 8-S C 495
1-84 OH H 2-Carbaldehyde, 5-Phenyl C 8-S C 481
1-85 CN g 5-Chloro C 8-S C 438
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TABLE 1-continued

Imidazo[l.2-a]quinoline

08

Compound # RS R R!
1-86 OH H H
1-87 CN H H
1-88 CONH, H H
1-89 OMe g H
1-90 CHNOMe H H

Compounds 1n Table 1 are named:
7-13-(4-Methoxy-tetrahydro-pyran-4-yl)-benzyloxy]-1mi-

S
Gl
5
G° I.1 G!' M+H
C 8-S N 378
C 8-S N 387
C 8-S N 405
C R8-S N 410
C 8-S N 419
20

dazo[1,2-a]quinoline (Compound 1-1); 7-[3-Fluoro-5-(4-

methoxy-tetrahydro-pyran-4-yl)-phenoxymethyl]-1mi-

dazo[1,2-a]quinoline (Compound 1-2); 4-[3-Fluoro-5- 25

(1midazo[1,2-a]quinolin-7-ylmethoxy)-phenyl]-
tetrahydro-pyran-4-carboxylic  acid  methyl

ester

(Compound 1-3); 4-[3-Fluoro-5-(imidazo|[1,2-a]quinolin-

7-ylmethoxy)-phenyl]-tetrahydro-pyran-4-carboxylic

acid (Compound 1-4); 4-[3-Fluoro-5-(imidazo[1,2-a] 30

quinolin-7-ylmethoxy)-phenyl]-tetrahydro-pyran-4-car-

boxylic acid amide (Compound 1-5); 4-[3-Fluoro-3-(1mi-

dazo[1,2-a]quinolin-7-ylmethoxy)-phenyl]-tetrahydro-

pyran-4-ol (Compound 1-6); 4-[3-(1-Bromo-imidazo[1,2-

a|quinolin-7-ylmethoxy)-5-fluoro-phenyl]-tetrahydro-

35

pyran-4-carboxylic acid methyl ester (Compound 1-7);

4-13-Fluoro-5-(1-phenyl-imidazo[1,2-a]quinolin-7-yl-
methoxy)-phenyl]-tetrahydro-pyran-4-carboxvlic

acid

methyl ester (Compound 1-8); 4-[3-(Imidazo[1,2-a]quino-

lin-7-ylsulfanyl)-phenyl]-tetrahydro-pyran-4-ol

(Com-
pound 1-9); 7-[3-(4-Methoxy-tetrahydro-pyran-4-yl)-phe-

40

nylsulfanyl]-imidazo[1,2-a]quinoline (Compound 1-10);

4-13-(Imidazo| 1,2-a]quinolin-7-ylsulfanyl)-phenyl]-tet-
rahydro-pyran-4-carboxylic acid amide

(Compound

1-11); 4-[3-(2-Methyl-imidazo|[1,2-a]quinolin-7-ylsulia-
nyl)-phenyl]-tetrahydro-pyran-4-carbonitrile (Compound 453

1-12);

4-13-(Imidazo[1,2-a]quinolin-7-ylsulfanyl)-phe-

nyl]-tetrahydro-pyran-4-carbonitrile (Compound 1-13);

4-13-(1-Methyl-tmidazo[1,2-a]quinolin-7-ylsulfanyl )-
phenyl]-tetrahydro-pyran-4-carbonitrile

(Compound

1-14); 4-{3-[1-(1-Methyl-1H-pyrazol-4-yl)-imidazo[1,2- 50

a]quinolin-7-ylsulfanyl]-phenyl}-tetrahydro-pyran-4-car-

bonitrile (Compound 1-135); 4-[3-Fluoro-5-(1midazo[1,2-

a|quinolin-7-ylsulfanyl)-phenyl]-tetrahydro-pyran-4-

carbonitrile (Compound 1-16); 4-[3-(1-Bromo-1imidazo|1,

2-a]quinolin-7-ylsulfanyl)-5-fluoro-phenyl]-tetrahydro-

55

pyran-4-carbonitrile (Compound 1-17); 4-[3-Fluoro-5-(1-

phenyl-imidazo[1,2-a]quinolin-7-ylsulfanyl)-phenyl]-

tetrahydro-pyran-4-carbonitrile (Compound 1-18); 4-[3-

Fluoro-3-(2-phenyl-imidazo[1,2-a]quinolin-7-
ylsulfanyl)-phenyl]-tetrahydro-pyran-4-carbonitrile

(Compound 1-19); 7-[3-(4-Cyano-tetrahydro-pyran-4-yl)- 60

S-fluoro-phenylsulfanyl]-1imidazo[1,2-a]quinoline-2-car-

boxylic acid ethyl ester (Compound 1-20); 7-[3-(4-Cyano-

tetrahydro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>